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Abstract: Three variational vector equations are derived for the ex-
tended particle-field object located on the light cone. Point sources are
excluded from the pure field equations and all physical magnitudes are
free from divergences. Accepting 3D intersections of 4D cone-charges,
vector electrogravity explains all observed phenomena under common
flat 3D and 1D intervals. External cone-charges contribute to pseudo-
Riemannian metrics of proper four-spaces of charged objects, resulting
in dilation-compression of their proper time rates. Photon-type gravi-
tational radiation is not associated with metric modulation of flat, lab-
oratory space. The Minkowski-Lorentz equation for free charges corre-
sponds to the equivalence principle for the canonical four-space. The
predicted criterion of double unification, particles with fields - gravity
with electrodynamics, is confirmed in vector electrogravity.
PACS numbers: 04.20.Cv, 12.10.-g
1. Introduction
Covariant equations for matter were originally derived for independent carri-
ers of mass and charge [1]. But one elementary object N can carry both electric,
q
N
, and gravitomechanical (mass), m
N
, charges. Gravity or acceleration can
lead, for example, to a separation of opposite electric charges within an elec-
troneutral medium with free electrons [2,3]. The induced electromagnetic fields
under such separation depend essentially on the mass - charge ratio of carriers,
while the mass of a carrier is not relevant in Maxwell’s equations. The joint
carrier for formally separated gravity and electromagnetism suggests that it is
necessary to search for new variables for the classical Lagrangian of charged
matter. The immediate task may be to derive at least one dynamic equation
including the ratio of electric and gravitomechanical charges of material carriers.
The canonical four-momentum P
Nµ ≡ mNuµ + qNA6=Nµ ≡ mNVµ+mNU 6=Nµ
seems to be one of the most appropriate notions for the description of a charged
object N in its four-space with the proper metric tensor gNµν(x) ≡ ηµν + g 6=Nµν (x)
(gNµν(x) ≡ gµν , for short; ηµν = diag(+1,−1,−1,−1)), determined by all exter-
nal objects K (i.e. K 6= N, that is noted by 6= N). When the electromagnetic
contribution is absent, q
N
A6=Nµ = 0, the pure gravitomechanical four-momentum
may be formally separated into mechanical and gravitational contributions, re-
spectively,
m
N
uµ = mN
{
1 + (
√
goo − 1)√
1− vivi
;−vi + (
√
googi)√
1− vivi
}
≡ m
N
Vµ +mNB 6=Nµ , (1)
1
with the ”curved” three-velocity vi = γijv
j (uµ = Vµ ≡ gµνdxν/ds for qNA6=Nµ
= 0, with ds = (gµνdx
µdxν)1/2, dxµ = dxµ
N
, vi ≡ dxi/g1/2oo (dxo − gidxi); gi =
−goi/goo; γij = gigjgoo − gij ; µ, ν → 0, 1, 2, 3; i, j → 1, 2, 3; c ≡ 1).
By its natural involvement in various physical problems, the canonical four-
momentum may be tried as a dynamical variable for the action of an elementary
object N. But the classical theory of fields and particles, for example [4-8], does
not employ the canonical four-momentum as a dynamic variable. The known
approaches, for example [7], to combine mechanical and electric charges under
a joint geodesic motion were associated with complicated modifications of space
geometry and discussions about the structure of charges in general relativity.
For well known reasons the classical theories of fields and particles, including
the non-dualistic approaches [9-12], look incomplete and do not overcome some
internal difficulties.
We examine a non-dualistic way once again by trying to exclude point sources
(associated with observations) from the field equations in agreement with Ein-
stein’s intention. The particle integration into the very structure of the field
was assumed in the last Einstein constructions, for example, ”We could regard
matter as being made up of regions of space in which the field is extremely
intense... There would be no room in this new physics for both field and mat-
ter, for the field would be the only reality” (translation [11]). This program
is not accomplished yet in a classical approach and it may be considered as a
motivation for our efforts.
In order to reveal the new opportunities of the classical theory we replace
the point charge by the elementary charged continuum emanating from a point
source in parallel with the Coulomb and the Newton fields. This elementary
field continuum with homogeneous charge densities at the proper light cone-horn
points may be called (conventionally) a cone-particle. At first glance this alter-
native approach would seem unreasonable in any practical treatment because
every infinite charged continuum of matter would have infinite energy. But it
will be shown below that the emanating cone-particle and the paired emanat-
ing cone-field together form a unified material complex, called the elementary
particle-field object, with zero components of the energy-tensor density (T µν
N
= 0
for superfluid, potential motion). Einstein’s concept of cone-charges integrated
into ”the very field structure” becomes free from infinite self-energies. This
concept can propose a clear mechanism for a particle’s action-at-a-distance [12],
when extended charges, not sources, interact locally at all points of the common
space-charge-mass 3D continuum.
Again, we start from the assumption that every elementary charge or par-
ticle may be considered in terms of an infinite material continuum (emanating
with a zero four-interval from a moving point source). Each of the two mirror
cones with the joint vertex in four-space contains its own particle matter to
counterbalance its own elementary field. This assists us in removing from the
theory the unreasonable advanced field solutions of classical electrodynamics,
where only one point particle-source (rather than two mirror particle-sources)
in a joint vertex was wrongly associated with both Minkowski’s cones.
The retarded functions appear in the theory with locally bound particle-
field matter (at all cone points x) only with respect to its source at cone’s
vertex ξ. The emitting material cone object (excluding its vertex) may be
treated as one multifractional field in non-dualistic terminology, but we shall
refer traditionally to the elementary particle and to the elementary field fractions
2
in order to trace their contributions to the pure field equations (derived below).
But now cone-particles are not complete elementary objects as they cannot
move independently from their cone fields, located on the same points of the
light cone.
We shall introduce a unified particle-field action for one elementary cone ob-
ject N, for which we employ the proper vector variables, P
Nµ and aNµ, associated
with external, m
K
a
Kµ, eKaKµ and proper, mNaNµ, eNaNµ, fields, respectively.
The Euler-Lagrange equations for the extended cone object will involve only fi-
nite physical magnitudes, and these four-vector equations will correspond to the
known demands for observed motion of charges. Electrodynamics and gravita-
tion appear as a unified non-dualistic field theory, where both the Maxwell-type
equations and the vector replacement of the Einstein-type equation follow di-
rectly from one variational equation, P
NµT
µν
N
= 0.
The inseparably bound particle and field fractions of elementary matter will
assist us in overcoming the classical problem of charged particle self-acceleration
after replacing the Minkowski equation (with the Lorentz force) with its gener-
alization, m
N
DP
Nν/dsN = P
µ
N
(∇µPNν − ∇νPNµ) = 0, for geodesic motion in
the proper canonical four-space x
N
, where P
Nµ = mN g
N
µνdx
ν
N
/ds
N
.
After deriving the field equations in terms of the proper field densities for
every extended cone object we shall verify the symmetrical involvement of ex-
ternal electric charge and mass densities (associated with a joint forming-up
field a
Kµ) into the proper canonical four-momentum density PNµ. This will
reveal new (electromagnetic) references for the metric tensor gNµν of the proper
pseudo-Riemannian four-space.
We shall employ the accepted tetrad formalism in order to demonstrate the
hidden metric symmetry, γKij = δij , in the three-interval dl
2 = γKijdx
i
K
dxj
K
of
any material object K, despite the fact that every component of the proper
pseudo-Riemannian metric tensor, gKµν 6= ηµν , represents gravity in full agree-
ment with the Einstein covariant scheme. This finding will provide the oppor-
tunity to introduce the common (for all objects) space+time manifold {x; dt},
with the universal, flat time interval, dt2 = γKoodx
o
K
dxo
K
and γKoo = δoo for all
cone-particles K crossing the selected point x of the united space-charge-mass
continuum. The six bounds γKij = goigojg
−1
oo − gij = δij for ten metric compo-
nents gKµν will lead finally to four, not ten, independent variational equations
for vector gravitation.
It will be remarkable to derive that the covariant applications of Euclidean
3D subspace within curved four-space are consistent with the planet perihelion
precession, gravitational light bending and time dilation. The flat three-space
acknowledges selection of the proper mechanical contribution m
N
Vµ ≡ mN (1−
δijv
ivj)−1/2{1;−vi} and the gravitational contribution mNB 6=Nµ ≡ mN (1 −
δijv
ivj)−1/2{√goo − 1;−√googi} in the gravitomechanical momentum (1).
We shall study the hitherto unexplained relativistic experiments with ro-
tating superconductors [13, 14] in order to demonstrate the applications of the
introduced extended charges for solid state physics. One could select the other
experimental indications against the point model of elementary electric charge
and mass, including the celebrated Aharonov - Bohm phenomenon [15].
Gravitational interactions in vector electrogravity (VEG) are associated with
linear synthesis of external vector fields, B 6=Nµ = −G
∑
K 6=N
K
m
K
a
Kµ, where every
forming-up four-vector potential a
Kµ is determined by its proper field equation.
Electrodynamic interactions with external fields are also associated with the
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same forming-up potentials, with A6=Nµ =
∑
K 6=N
K
e
K
a
Kµ. The mass is a source
of gravity in the present scheme, rather than the energy tensor density.
New opportunities of electrogravity with the extended masses and flat 3D
subspace allow this theory to incorporate electrical charges into the standard
covariant scheme with the proper canonical pseudo-Riemannian four-space. Ex-
ternal mass and electric charge densities cannot change Euclidean geometry of
the proper 3D subspaces, but they affect the proper time of every charged ob-
ject. The predicted electromagnetic time dilation-compression is available for
simple laboratory tests. Both electromagnetic and gravitational waves in the
present scheme are vector photons, contrary to the tensor gravitational wave
of general relativity, and there are no metric modulations of flat, laboratory
three-space.
2. Action of the extended particle-field object
It is common knowledge that the covariant electrodynamic equations with a
current density and with the Lorentz force may be obtained from the variational
principle in four-space. Both relativistic methods, developed by M. Born [16]
and H. Weyl [17], state that it is possible to fix electromagnetic fields under
path variations for charges, as well as to fix four-coordinates of free charges
under field variations. But such assumptions cannot be valid in general. Some-
times a coordinate displacement of charges is the only reason for the creation of
macroscopic electromagnetic fields within an electroneutral system (a rotating
conductor, for example).
The particular purpose of this section is to propose the universal dynamic
variables in order to eliminate the preliminary assumptions one uses when vary-
ing the action of charged matter. For this purpose we consider for a moment
the pure particle action-at-a-distance Sp
N
with one point particle-source [12],
Sp
N
= −
∫
[mˆ
N
(ξ
N
[p
N
])uµ(ξN [pN ]) + qˆN (ξN [pN ])A
6=N
µ (ξN [pN ])]
dξµ
N
[p
N
]
dp
N
dp
N
≡ −
∫
dp
N
{
mˆ
N
uµ + qˆN
K 6=N∑
K
∫
dp
K
qˆ
K
(ξ
N
)η
K
(ξ
N
, ξ
K
)ξ
N
6=ξ
K
dξ
Kµ
dp
K
}
dξµ
N
dp
N
, (2)
where the selected source N and all other sources K = 1, 2, ..., N-1, N+1, ... are
associated, respectively, with gravitomechanical charge-sources mˆ
N
(ξ
N
[p
N
]) and
mˆ
K
(ξ
K
[p
K
]), electric charge-sources qˆ
N
(ξ
N
[p
N
]) and qˆ
K
(ξ
K
[p
K
]), coordinates
ξµ
N
[p
N
] and ξµ
K
[p
K
], which may be regarded as functions of parameters p
N
and
p
K
on their classical paths ξ
N
≡ ξ
N
[p
N
] and ξ
K
≡ ξ
K
[p
K
].
The local interaction of a point source N at the point ξ
N
with the field
cone-charge density q
K
(ξ
N
)
s
K
=0
ξ
N
6=ξ
K
= q
K
= const of an external cone object K
is determined by the basic operator η
K
(ξ
N
[p
N
], ξ
K
[p
K
])ξ
N
6=ξ
K
. Any different
point sources cannot have all four common coordinates and this is indicated in
the symbolic form ξ
N
6= ξ
K
. The basic operator η
K
(ξ
N
[p
N
], ξ
K
[p
K
])ξ
N
6=ξ
K
may
be specified on an infinite proper four-space x
K
, which intersects, in particular,
the point ξ
N
[p
N
]. We accept continuous coordinates xν
K
= {xo
K
;xi
K
} for every
proper four-space with the proper metric tensor gKµν(xK ). Intersections of the
curved proper four-spaces, due to their joint 3D subspaces, acknowledge an
introduction of the common space+time, {dt;x}, for an ensemble of material
4
objects after an appropriate application of the common time interval dt (defined
below) and the common three-space (which ought to keep universal geometry
for all intersecting subspaces). Below there will appear two opposite parametric
time intervals, dtK
1,2(x) = ±|dxoK |, for mirror three-dimensional motion of any
selected object and antiobject N contrary to the accepted Minkowski approach
with dt ≡ dxo for all cases. Moreover, dt will not be a component of any
proper vector dxν
K
in spite of dt2 = (dxo
K
)2. This parametric interval dt will
be introduced for a considered point in flat three-space, where cone-particles
(located on different pseudo-Riemannian four-spaces x
K
- light cones, for shot),
can intersect.
Unlike the formal interaction-at-a-distance between point sources, a real
interaction of infinite cone objects takes place locally at the intersection of the
emitted cones at joint material points. The basic operator η
K
(x
K
, ξ
K
[p
K
])x
K
6=ξ
K
will be responsible for the local interaction of the selected object N with the
external object K at joint material points x
N
= x
K
under the zero four-intervals
s
N
(x
N
, ξ
N
) = 0 and s
K
(x
K
, ξ
K
) = 0, with x
N
6= ξ
N
and x
K
6= ξ
K
.
By making use of the equality (2) and of the proper four-space notion x
N
≡ x,
one can introduce for every elementary object N a covariant four-potential of
the external electromagnetic field A6=Nµ (x) ≡ A6=Nµ (x, ξ1 , ξ2 , ..., ξN−1 , ξN+1 , ...) ≡∑
K 6=N
K
A
Kµ(x)
s
K
[τ
K
]=0
x 6=ξ
K
[τ
K
], where τK is a ”material” value of the path parameter
p
K
of an elementary cone object K when it crosses the considered point x. The
four-potential A
Kµ(x)
s
K
[τ
K
]=0
x 6=ξ
K
[τ
K
] of the elementary electromagnetic field of any
charged cone object K at its material point x
K
, with x
K
= x, is related to
a four-space position of a source K at the point ξ
K
by the zero four-interval,
s
K
(x, ξ
K
[τ
K
]) = 0, with x 6= ξ
K
, that determines the ”material” parameter τ
K
.
Note, that different points x correspond to different ”material” values of
the path parameters of the same object, i.e. τ
K
≡ τ
K
(x). One should use
the zero-intervals in determining the elementary electromagnetic four-potential
A
Kµ(x)
s
K
[τ
K
]=0
x 6=ξ
K
[τ
K
]≡
∫
dp
K
q
K
(x)η
K
(x, ξ
K
[p
K
])x 6=ξ
K
[p
K
]{dξKµ[pK ]/dpK} or the four-
-potential a
Kµ(x)
s
K
[τ
K
]=0
x 6=ξ
K
[τ
K
] ≡
∫
dp
K
η
K
(x, ξ
K
[p
K
])x 6=ξ
K
[p
K
] {dξKµ[pK ]/dpK} for
the basic (forming-up) uncharged field of every elementary object K, which
contributes to the total material field at the considered point x. Only retarded
zero-interval relations with sources will appear for emitted cone continua after
an appropriate use of the two space+times {dt
1,2 , x
i} (one for matter, the other
for antimatter), rather than the accepted four-space manifold {xo, xi}.
The proper field (or potential) a
Nµ(x)
s
N
[τ
N
]=o
x 6=ξ
N
[τ
N
] at the considered point x was
emitted by the source at one of its path points, ξµ
K
[p
N
], which cannot be defined
without referring to the equation of motion (derived after variations). This
four-vector field takes four degrees of freedom and may be a dynamic variable
for a cone object N at all material points x = x
N
of its curved light cone-horn.
A certain source position ξ
N
≡ ξ, for short, may be conjugated (through a
zero four-interval) with the material field points by a defining relation Qˆ
N
(ξ) ≡∫
d4xQ
N
(x) δˆ4
N
(x, ξ)x 6=ξ. The accepted pseudo-geometry (zero-interval matter)
defines the structure of the operator δˆ4
N
(x, ξ[p])x 6=ξ[p] ≡ {δˆ3N (x, ξ[p]) δN (x0 −
ζ0 [p])}x 6=ξ, where the effective coordinate ζ0 [p] should be determined by the
”time” coordinate ξ0 [p] and by the ”time” delay (for flat four-space ζ0 [p]= ξ0 [p]
±|x−ξ[p]|). By noting x 6= ξ we emphasize below that the continuous function-
densities represent emitted cone matter at any considered point x of four-space
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but not a source at the vertex ξ, which is a nonmaterial peculiarity within
this elementary material continuum. A similar statement is true for material
cone-particle for points x and source points ξ when it is noted that x 6= ξ for
three-space.
One ought to exclude the source point ξ (and ξ) from an elementary cone-
particle in order to avoid a twofold account of the conjugated notions (the
nonmaterial source and the associated cone-particle) under description of one
elementary object. To operate with two different kinds of coordinates for point
sources of matter and for matter itself (i.e. infinite particle-field cones excluding
the vertexes), we have to distinguish the conjugated characteristics. For exam-
ple, a function Pˆ
Nµ(ξN [pN ]) represents formally a canonical four-momentum of
a point source N. A function-density P
Nµ(x)
s=o
x 6=ξ is a canonical four-momentum
density for a real particle-cone N at its material points x ≡ x
N
, when x 6= ξ[τ ]
and s(x, ξ[τ ]) = 0 (and for a virtual particle N at all points x 6= ξ[p] if
s(x, ξ[p]) 6= 0).
The gravitomechanical, m
N
(x)s=0x 6=ξ, or the electric, qN (x)
s=0
x 6=ξ, elementary
charge density of the cone-particle is conjugated to the point particle-source
mass, mˆ
N
(ξ), or electric charge, qˆ
N
(ξ), respectively,
∫
d4xm
N
(x)δˆ4
N
(x, ξ)x 6=ξ
≡ mˆ
N
(ξ) or
∫
d4xq
N
(x)δˆ4
N
(x, ξ)x 6=ξ ≡ qˆN (ξ). The scalar cone-charge densi-
ties m
N
(x) ≡ m
N
and q
N
(x) ≡ q
N
are homogeneous functions of the four-
space coordinates, ∂µmN (x) = 0 and ∂µqN (x) = 0, as well as the charge-
source functions mˆ
N
(ξ[p]) and qˆ
N
(ξ[p]) are independent of the path coordi-
nates ξ[p]. This provides linear relations for the elementary electromagnetic,
A
Nµ(x)
s=0
x 6=ξ ≡ qN aNµ(x)s=0x 6=ξ, and the elementary gravitomechanical, BNµ(x)s=0x 6=ξ
≡ m
N
a
Nµ(x)
s=0
x 6=ξ, material fields because the densities qN and mN are universal
constants.
The Green’s structure of the basic operator η
N
(x, ξ[p])x 6=ξ[p] will be described
below in the Appendix 1. What is important to underline right now is that
the proper canonical four-momentum density of the cone-particle, P
Nµ(x)
s=o
x 6=ξ ≡
{m
N
(x)uµ(x) + qN (x)A
6=N
µ (x)}s=ox 6=ξ, is independent of the forming-up uncharged
cone-field at every considered point x of the elementary particle-field object
N. This means that P
Nµ(x)
s=o
x 6=ξ and aNµ(x)
s=o
x 6=ξ might be independent dynamic
variables for the description of the same elementary cone object N.
The particle-source action (2) is independent of the emitted field fraction of
matter and can be associated only with the pure particle fraction of the cone
object. But the particle is always accompanied by its own field, i.e. every
particle is only a fraction of an infinite particle-field object. Then, a complete
action Spf
N
of this self-contained object should be contributed to by both the
particle and the field elementary fractions.
Before adding the paired elementary cone-field to the action (2), we intro-
duce a canonical tensor density W
Nµν(x)
s=o
x 6=ξ ≡ {∇µPNν(x)−∇νPNµ(x)}s=ox 6=ξ =
{∂µPNν(x) − ∂νPNµ(x)}s=ox 6=ξ of the elementary cone-particle N. The covariant
derivatives, ∇µ, may be replaced in the vorticity WNµν(x)s=ox 6=ξ by the partial
ones, ∂µ, due to the symmetry of the Christoffel coefficients in the proper four-
space xµ
N
with respect to the proper four-vectors P
Nµ and aNµ (not with respect
to P
Kµ and aKµ, which are four-vectors in other curved four-spaces). The cone-
field contribution to the complete action Spf
N
of the elementary particle-field
object N can be introduced in terms of the scalar Lagrangian density within a
6
four-dimensional volume,
Spf
N
= −
∫
dpPˆ
Nµ(ξ[p])
dξµ[p]
dp
−
∫ √−g
N
d4x
16π
{gµρ
N
gνλ
N
W
Nµν(x)fNρλ(x)}s[τ ]=ox 6=ξ[τ ],
(3)
where both the new tensor density f
Nµν(x)
s[τ ]=o
x 6=ξ[τ ]≡{∇µaNν(x)−∇νaNµ(x)}
s[τ ]=o
x 6=ξ[τ ]
= {∂µaNν(x)−∂νaNµ(x)}s[τ ]=ox 6=ξ[τ ] for the elementary cone-field and the canonical
tensor density W
Nµν(x)
s[τ ]=o
x 6=ξ[τ ] for the elementary cone-particle are accompanied
by the material restrictions x 6= ξ[τ ] and s(x, ξ[τ ]) = 0 for an elementary cone
object N, when it crosses every point x used in (3) for the four-dimensional
integration, i.e. when x ≡ x
N
. Hereinafter gµν
N
(x) ≡ ηµν + gµν6=N (x), with
gµν
N
g
Nµλ = δ
ν
λ.
So far, the first item in the action (3) corresponds formally to a point
”charged” source, rather than to a charged cone-particle. One may interchange-
ably rewrite the complete action via the operators for a virtual object N, which
gains its real cone state (crossing the considered point x) only after integration
in (3) over the path parameter p,
Spf
N
= −
∫
dp
∫ √−g
N
d4x{P
Nµ(x)
dxµ
dp
δˆ4
N
(x, ξ[p])x 6=ξ[p]√
−g(x)
+
gµρ
N
gνλ
N
W
Nµν(x)
16π
[
dξλ[p]
dp
∂η
N
(x, ξ[p])
∂xρ
− dξρ[p]
dp
∂η
N
(x, ξ[p])
∂xλ
]
x 6=ξ[p]
}. (3a)
Different points x in four-space can be occupied by the same material particle
- field cone, s(x, ξ[τ ]) = 0, under different source locations and under different
”material” values, τ ≡ τ(x), of the path parameter p. The action (3a) may be
formally simplified in terms of real cone matter after integration (3a) over p,
Spf
N
=−
∫ √−g
N
d4x
{
P
Nµ(x)i
µ
N
(x) +
gµρ
N
gνλ
N
W
Nµν(x)fNρλ(x)
16π
}s[τ ]=o
x 6=ξ[τ ]
, (3b)
where we introduced the four-flow density,
iµ
N
(x)
s[τ ]=o
x 6=ξ[τ ] ≡
∫
dxµ
dp
δˆ4
N
(x, ξ[p])x 6=ξ[p]√
−g
N
(x)
dp, (4)
of the elementary cone-particle N at any of its material points x ≡ x
N
, selected
for consideration. But one should keep in mind for formal action (3b) that
all variations of the action have to be done with respect to both virtual and
material states of the object N, i. e. variations have to be considered before the
integration over the parameter p. After the integration over p the independent
variables, like P
Nµ and x
µ, may be bound by additional restrictions for material
states.
Accepting approach with action for one selected object N, we ought to dis-
tinguish contributions from the proper, a
Nµ, and external, aKµ, fields. The
proper four-momentum P
Nµ(x) and the proper metric tensor gµν = g
N
µν(x) are
independent from a
Nµ, but they both depend on the same system of external
objects K with their proper fields a
Kµ(x). That is the reason that the proper
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canonical momentum and the proper metric tensor are related variables (their
links with the same external field U 6=Nµ =
∑
K 6=N
K
c
K
a
Kµ will be revealed at
the final steps of the below developed scheme for canonical four-space, where
P
NµPNνg
N
µν = m
2
N
). One may assume for a moment that the external field U 6=Nµ
is to be a final variable for the object N, rather than PNµ or g
−N
µν . But the sum
U 6=Nµ , as well as each summand aKµ, is not a four-vector in the proper space
xµ
N
(a
Kµ 6= gNµνaνK when K 6=, for example). The proper four-vector PNµ can
perfectly represent the external Newton-Coulomb fields in the action (3)-(3b)
because we shall find that δP
Nµ = δU
6=N
µ and there will be no tensor fields in the
present approach to gravitation. Finally only proper coordinates, xµ
N
, and two
proper four-vectors, a
Nµ(x) and PNµ, may be selected as independent variables
in the developed theory with the vector variational equations.
One may propose to study an ensemble of elementary objects and to con-
sider a summary action
∑
N
Spf
N
. But there is no universal four-space for all
elementary objects and, contrary to classical electrodynamics, there is no way
to introduce a collective field variable in the present scheme. It is more accurate
to operate with a system of the Euler - Lagrange equations, derived below for
every elementary object in its external fields, rather than to speculate about a
joint action and possible collective variables for an ensemble of different objects.
3. Universal time interval
The variational procedure in (3a) with respect to the canonical four-mo-
mentum density, both real and virtual variations δP
Nµ(x), with δg
µν
N
= 0, can
lead to a Maxwell-type equation for a total four-flow density, Iν
N
(x)
s[τ ]=0
x 6=ξ[τ ], of the
elementary cone object,
Iν
N
(x)
s[τ ]=0
x 6=ξ[τ ] ≡
{
iν
N
(x) − ∇µ[f
µν
N
(x)− fνµ
N
(x)]
8π
}s[τ ]=0
x 6=ξ[τ ]
= 0, (5)
where fµν
N
(x)s=0x 6=ξ ≡ gµρN (x)gνλN (x) fNρλ(x)s=0x 6=ξ = −fνµN (x)s=0x 6=ξ. Note that not all
components of the skew-symmetric tensors are independent under variation [11]:
the relations δW
Nµν(x) = −δWNνµ(x) must be taken into account.
So far we do not know the final relations of P
Nµ and g
µν
N
with external fields,
and we temporary neglect the relation between δPNµ and δg
µν
N
. For this reason
the Maxwell-type equation (5) is incomplete in our approach (this simplified
equation will be accepted only for potential states, when W
Nµν(x)
s=0
x 6=ξ = 0).
The arbitrary variations are not necessarily compatible [18] with any restrict-
ing conditions for the path parameter p, for example s[p] 6= 0 and P
NµP
µ
N
6= m2
N
under virtual variations in (3a). But after variation of the action, one may spec-
ify the appropriate path parameter in the derived equations of motion due to
some additional restrictions for real matter (or for real antimatter). In equation
(5) we operate with the family of material points x which correspond to the real
cone object N. A selection of any one point x provides an appropriate selection
of the path parameter p = τ
1,2 due to the material restriction s[τ1,2 ] = 0 with
two possible solutions τ
1
and τ
2
for the mirror cones in the metric four-space.
Even though the covariant equations are four-dimensional in the proper four-
space, dynamics of matter depends on the development parameter, and there
must be a three-dimensional picture as seen by an observer. This motivates
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us to introduce a new parametric interval dt in order to describe the evolution
of matter (or antimatter) in three-space x. One can therefore perform the
integration over p in the definition (4) and to introduce the material four-flow
densities of two mirror cone-particles via the appropriate time differentials dt
1
and dt
2
,
iν
N
(x)
s[τ
1,2
]=0
x 6=ξ[τ
1,2
] ≡
∫
dxν
dp
{δˆ3
N
(x, ξ[p])δ
N
(x0 − ζ0 [p])}x 6=ξ[p]√−g dp
=
∫
dxν√−gdp
{δˆ3
N
(x, ξ[p])δ
N
(p− τ
1,2)}x 6=ξ[p]∣∣∣∂ζ0 [p]∂p ∣∣∣
x 6=ξ[p]
dp =

 δˆ
3
N1,2(x, ξ[τ1,2 ])dx
ν
√
γ
√
goodτ1,2
∣∣∣∂ζ0 [τ1,2 ]∂τ
1,2
∣∣∣


s[τ
1,2
]=0
x 6=ξ[τ
1,2
]
≡
{
δˆ3
N1,2(x, ξ)√
γ
dxν√
goodt1,2
}s[τ
1,2
]=0
x 6=ξ[τ
1,2
]
, (6)
where γ ≡ ||γij || = −g/goo. The operators δˆ3N1,2(x, ξ[τ1,2 ])
s[τ
1,2
]=0
x 6=ξ[τ
1,2
]
conjugate
function-paths of the point sources in three-space (ξ[τ
1,2 ] ≡ ξN1,2 [τ1,2 ] for the
mirror particle-sources N
1
and N
2
) to function-densities of the mirror cone-
particles N
1
and N
2
projected onto three-space x.
Every considered point x with coordinates xi in the 3D subspace of the
proper four-space xν
N
≡ xν can be related to two source points ξ[τ
1,2 ], ξ[τ1 ]
6= ξ[τ
2
], by zero-interval conditions, s(x, ξ[τ
1
]) = 0 and s(x, ξ[τ
2
]) = 0. Both
these conditions provide dxo = dζo[τ
1,2 ], where dζ
o[τ
1,2 ] = dτ1,2∂ζ
o[τ
1,2 ]/∂τ1,2
for the mirror cones with matter or antimatter. By making use of this fact we
introduced in (6) the opposite parametric differentials at every point x,
dt
1,2(x) ≡
{
dτ
1,2
|dτ
1,2 |
∣∣∣∣dτ1,2 ∂ζ0 [τ1,2 ]∂τ
1,2
∣∣∣∣
}s[τ
1,2
]=0
x 6=ξ[τ
1,2
]
= {sign(dτ
1,2)|dxo|}s[τ1,2 ]=0
x 6=ξ[τ
1,2
]
,
(7)
which may be called the direct and the inverted time intervals, dt
1
(x) and
dt
2
(x), respectively. The parametric intervals dt
1,2(x, τ1,2) are introduced for
the cone-particles (cone-charges) crossing a particular point in three-space x.
It is important for the anticipated description of an ensemble that both these
intervals are finally independent from the proper parameters of different objects
and the universal time interval may be employed for all cone-particles with rest
masses.
The direct, with τ
1
, (the inverted, with τ
2
) four-flow density (6) of a cone-
particle and the direct (the inverted) time interval (7) are associated with the
direct (the inverted) elementary cone-field in (5) (Appendix 1). By applying
three-space and the time parameter from (7), one finds a coincidence of a dy-
namic three-dimensional picture for direct particle-field objects (matter) and
for inverted ones (antimatter) under appropriate applications of the direct and
the inverted time intervals, dt
1
= −dt
2
= |dxo|, for example. The appearance of
two opposite time intervals (7) with parametrically oriented directions provides
an opportunity to introduce two parallel space+time manifolds, {dt
1
, xi} and
{dt
2
, xi}, on the basis of one four-space metric system {xo, xi}. This allows one
to trace the bound charge-time contribution into Charge-Parity-Time symmetry
and to explain the PT symmetry violation.
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The mirror elementary cone-particles N
1
and N
2
occupy the direct and the
inverted cones with matter and antimatter, respectively, within one metric four-
space. But a particle (or antiparticle) fraction from one cone is not bound with
an antifield (or field) fraction from the mirror cone. By trying to relate one
point charged particle in the joint vertex of two pure field cones to both these
fields, the Minkowski theory resulted in the unreasonably advanced solutions
for emitted field matter.
There are neither retarded nor advanced relations of the cone-particle with
the paired cone-field in the concept of extended cone-charges. The cone-field
and cone-particle elementary densities are locally bound (without any delay) at
every material point in four-space. By choosing appropriately the space+time
manifolds for matter or for antimatter, one obtains only retarded emission from
point sources. Below we omit the ”1” or ”2” subscript in dτ or dt by dealing,
for simplicity, only with matter in the direct space+time manifold {dt, xi},
dt = +|dxo|, for example.
Again, the choice of the time parameter t for matter or antimatter is ir-
relevant. The important point is that the cone-particle four-flow density may
be divided in (5) into the direct and the inverted components, as well as the
elementary cone-field at the left hand side of the equation (5). Note, that the
Dirac operator δ4
N
(x− ξ) ≡ δ3
N
(x− ξ) δ
N
(xo − ξo) for one point object at x = ξ
cannot provide the splitting of the four-flow density (6) into the two mirror
components, contrary to the operator δˆ4
N
(x, ξ)x 6=ξ for mirror cone-particles. It
is in principle impossible to consider two mirror point charges in one reference
point ξ because the mirror particles carry opposite charges, m
N1
= −m
N2
and
q
N1
= −q
N2
.
Varying (3a) with respect to δP
Nν(x), with δg
µν
N
= 0, one may reintroduce
the Maxwell-type equation (5) in the following operator form,
∇µgµρN gνλN
[
dξλ[p]
dp
∂η
N
∂xρ
− dξρ[p]
dp
∂η
N
∂xλ
]
x 6=ξ[p]
= 4π
dxν
dp
δˆ4
N
(x, ξ[p])x 6=ξ[p]√−g
N
. (8)
The Euler-Lagrange equation (5) or (8) suggests a way to speculate about
the structure of the vector basic cone-field a
Nµ(x)
s=0
x 6=ξ or the scalar basic op-
erator η
N
(x, ξ[p])x 6=ξ in any curved four-space. Both these equations can be
easily solved in flat four-space via Green’s function, G(x, x′)x 6=x′={δ(xo−x′o∓
|x − x′|)/|x − x′|}x 6=x′, associated with the fundamental operator equation
∂µ∂
µG(x, x′)x 6=x′ = 4πδˆ4(x, x′)x 6=x′ ≡ 4π{δˆ3(x,x′)δ(xo − x′o ∓ |x − x′|)}x 6=x′
(Appendix 1).
Every considered point x with three-coordinates xi can be related to sources
of different material cones by zero-interval conditions. In other words, different
material cone objects can cross one common point x ≡ x
1
,x
2
...,x
N
, ... like light
or gravity of distant stars cross the Earth at any fixed time. Superposition of
different elementary cone objects in one common three-dimensional space x may
be described under the common time interval dt, because all one dimensional
intervals (7), dt2
K
≡ γKoodxoKdxoK , are flat (γKoo = δoo is independent from values of
the individual path parameters τ
K
). We shall prove below that all proper three-
spaces xi
K
, associated with different objects K, have the universal metric tensor,
γKij = δij , and flat intervals, dl
2
K
= γKijdx
i
K
dxj
K
, contrary to proper four-spaces
xµ
K
= {xo
K
;xi
K
} with different metric tensors gKµν 6= ηµν and curves intervals
ds2
K
= gKµνdx
µ
K
dxν
K
.
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For this reason only both the common three-space x, with flat three-interval,
and the common flat interval dt(x) are appropriate to apply to all objects,
rather than proper four-spaces xµ
K
(unspecified for the ensemble). Due to the
common space+time existence, one may sum (5) over an ensemble of different
potential states in {x, dt(x)} and find the following equations for the total four-
flow density iν(x) of all intersecting at x cone-particles
iν(x, t) ≡ no(x)dx
ν
dt
≡
∑
N
iν
N
(x)
s
N
[τ
N
]=0
x 6=ξ
N
[τ
N
] =
∑
N
∇µfµνN (x)
s
N
[τ
N
]=0
x 6=ξ
N
[τ
N
]
4π
, (9)
for the four-current density of their gravitomechanical cone-charges (masses)
jνm(x, t) ≡ µo(x)
dxν
dt
≡
∑
N
m
N
iν
N
(x)
s
N
[τ
N
]=0
x 6=ξ
N
[τ
N
]
=
∑
N
∇µmN fµνN (x)
s
N
[τ
N
]=0
x 6=ξ
N
[τ
N
]
4π
≡
∑
N
∇µMµνN (x)
s
N
[τ
N
]=0
x 6=ξ
N
[τ
N
]
4π
, (10)
and for the four-current density of their electric cone-charges
jνq (x, t) ≡ ρo(x)
dxν
dt
≡
∑
N
q
N
iν
N
(x)
s
N
[τ
N
]=0
x 6=ξ
N
[τ
N
]
=
∑
N
∇µqN fµνN (x)
s
N
[τ
N
]=0
x 6=ξ
N
[τ
N
]
4π
≡
∑
N
∇µFµνN (x)
s
N
[τ
N
]=0
x 6=ξ
N
[τ
N
]
4π
≡ ∇µF
µν(x, t)
4π
. (11)
The three-space functions no(x) ≡
∑
N
{δˆ3(x, ξ
N
[τ
N
])/
√−g}sN =0
x 6=ξ
N
, µo(x) ≡∑
N
{m
N
δˆ3(x, ξ
N
[τ
N
])/
√−g}sN=0
x 6=ξ
N
, ρo(x) ≡
∑
N
{q
N
δˆ3(x, ξ
N
[τ
N
])/
√−g}sN=0
x 6=ξ
N
were introduced in (9)-(11) in order to represent the particle matter density, the
gravitomechanical charge density, and the electric charge density, respectively,
in three-space x for an ensemble of material cone objects. One will recall, that
(9)-(11) were derived for partial kind of motion of each elementary object K,
when W
Kµν(xK ) = 0.
Note that (11) coincides formally with the Maxwell-Lorentz equation for the
electric current density. But the equations (9)-(11) were obtained for infinite
cone-particles and cone-fields in space+time, rather than for point particle-
sources and cone-fields. The physical densities no(x), µo(x), and ρo(x), for
example, are associated with field cone objects rather than with point objects. In
other words the non-dualistic equation (11), for example, relates the continuous
field density jνq (x, t) of cone-charges with the field density ∇µFµν(x, t) at every
local point of the space+time manifold.
In turn, the electric current density jνq (x, t), which is specified for cone-
charges excluding the source peculiarities, might be formally conjugated to a
sum of moving point charge-sources, qˆ
N
, distributed over these peculiarities.
But contrary to the density of the material continuum, the density of the point
sources at one fixed point x is meaningless. One should not neglect this obvious
fact by trying to formulate a self-consistent theory in the classical way of point
carriers of electric charge or mass. One may operate at least with a finite number
of peculiarities within a finite volume rather than within a single point.
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The requirement for a finite physical magnitude at all space points, for all
material objects additionally motivate us to take into consideration an elemen-
tary electric charge (and mass) in terms of an elementary continuum (cone) with
one reference point (source in cone’s vertex) and with a homogeneous charge
density q
N
(and m
N
) at all points of this elementary continuum. It seems very
unlikely that it is possible to overcome the problem of divergence in classical
electrodynamics without changing the accepted paradigm of point charges (but
not point sources for the extended charges). ”A coherent field theory,” stated
Einstein (translation [11]), ”requires that all its elements be continuous ... And
from this requirement arises the fact that the material particle has no place as a
basic concept in a field theory. Thus, even apart from the fact that it does not
include gravitation, Maxwell’s theory cannot be considered a complete theory.”
The above introduced separation of the extended material particle and its point
source (i.e. the transformation of the classical point particle into the charged
cone continuum) is simply a probe way to complete the theory and to include
gravitation into electrodynamics.
An independent equation for the elementary cone-field in its curved proper
four-space x = x
N
,
{
∂µfN νδ(x) + ∂νfN δµ(x) + ∂δfN µν(x)
}s[τ ]=0
x 6=ξ[τ ]
= 0, (12)
follows directly from the definition of the elementary tensor f
N µν(x)
s[τ ]=0
x 6=ξ[τ ].
The similar Maxwell-type equation in common space+time,
∂µFνδ(x, t) + ∂νFδµ(x, t) + ∂δFµν(x, t) = 0, (13)
may be considered for the total field tensor Fµν(x, t) ≡
∑
K
q
K
f
Kµν(x)
s
K
[τ
K
]=0
x 6=ξ
K
[τ
K
].
Notice that the dynamical equation (5) is independent of m
N
and q
N
. The
elementary uncharged field with the forming-up four-potential a
Nµ(x)
s=0
x 6=ξ in
this equation may be used as a unified basis for the generation of both the
gravitational (Newton) and the electromagnetic (Coulomb) cone-fields.
4. General motion and potential states
4.1. Wave equations
One could formally divide the canonical four-momentum density P
Nµν(x)
s=0
x 6=ξ
of the elementary particle into a gravitomechanical part and an electrical one.
Then the canonical tensor W
Nµν(x)
s=0
x 6=ξ would be formally divided into a gravi-
tomechanical part (with m
N
) and an electric part (with q
N
),
W
Nµν(x)
s=0
x 6=ξ = {mNMµν(x) + qNF 6=Nµν (x)}s=0x 6=ξ, (14)
whereMµν(x) ≡ [∂µuν(x)−∂νuµ(x)] = wµν+G6=Nµν , wµν ≡ [∂µVν(x)−∂νVµ(x)],
Vν(x) ≡ {β−1,−β−1vi}, β =
√
1− vivi, G6=Nµν ≡ [∂µB 6=Nν (x) − ∂νB 6=Nµ (x)], and
F 6=Nµν (x) ≡ [∂µA6=Nν (x) - ∂νA6=Nµ (x)] =
∑
K 6=N
K
q
K
[∂µaK ν(x) − ∂νaKµ(x)]
s
K
=0
x 6=ξ
K
,
and x = x
N
. By replacing here the partial derivatives with the covariant ones, we
used symmetry of Christoffel coefficients exclusively for the proper four-vector
P
Nµ in curved four-space x
µ
N
. External fields a
Kµ are not four-vectors in the
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proper four-space xµ
N
, and ∇µA6=Nν (x) −∇νA6=Nµ (x) 6= ∂µA6=Nν (x) − ∂νA6=Nµ (x),
for example. For this reason the gravitomechanical and electric parts of the
tensor (14) can not be considered separately as tensors.
The action (3b) for real object may be varied with respect to its proper
covariant field under arbitrary material or virtual variations δa
Nν(x). This
provides a wave Euler-Lagrange equation for general motion of cone objects in
external fields,
∇µWµνN (x)
s
N
[τ
N
]=0
x 6=ξ
N
[τ
N
] = 0, (15)
where Wµν
N
(x) ≡ gµρ
N
(x)gνλ
N
(x)W
N ρλ(x) = −W νµN (x) and x = xN .
The other independent equation for the canonical tensor density follows from
its definition,
{∂µWN νδ(x) + ∂νWN δµ(x) + ∂δWN µν(x)}s=0x 6=ξ = 0 (16)
and, when q
N
F 6=Nµν (x) = 0,
{m
N
[∂µMνδ(x) + ∂νMδµ(x) + ∂δMµν(x)]}s=0x 6=ξ = 0. (17)
Now we consider the wave equations (15)-(16) for the canonical tensor den-
sity (14) in more detail. The components of the density F 6=Nµν (x) can be asso-
ciated with three-vector fields, electric Ei(x) ≡ F 6=Noi (x) and magnetic Bie(x)
≡ −eijkF 6=Njk (x)/2
√
γ (e123 = 1) ones, acting on a cone-particle N with the
homogeneous electric charge density q
N
(x) = q
N
. The components of the in-
troduced set of sixteen values wµν may be associated with the following three-
vectors {
gi(x) ≡ ∂oVi − ∂iVo ≡ −∂oviβ−1 − ∂iβ−1
hi(x) ≡ − eijk2√γ (∂jVk − ∂kVj) ≡ {curlβ−1v}i.
(18)
Below we shall proof that
√
γ and β are independent from metrics and (18)
holds only ”flat” components, which are responsible for pure mechanical motion.
Gravitational fields are implemented into the proper tensor (14) through the
external potentials B 6=Nµ . According to (1) only these potentials are related to
changes of the metric tensor of electrically neutral objects, for which external
three-vector fields looks as follows,{
Gi(x) ≡ G6=Noi (x) ≡ ∂oB 6=Ni − ∂iB 6=No = −∂oβ−1
√
googi − ∂iβ−1(√goo − 1)
Hi(x) ≡ − eijk2√γG6=Njk (x) ≡ − e
ijk
2
√
γ (∂jB
6=N
k − ∂kB 6=Nj ) = {curl β−1
√
goog}i.
(19)
Now the equation (17) for pure gravitomechanical systems may be read in a
three-vector form,
{m
N
div (h+H)}s=ox 6=ξ = 0 (20)
and
{m
N
[{curl (g +G)}i + ∂o(hi +Hi)]}s=ox 6=ξ = 0, (21)
because of equalities div curl a = 0 and curl grad a = 0 for {curl a}i ≡ (2√γ)−1
eijk(∂jak − ∂kaj), div a ≡ γ−1/2∂i(√γai).
One can also represent the general equation (16) at real field points, x 6= ξ[τ ]
and s(x, ξ[τ ]) = 0, of electrically charged objects in a three-vector form,
div[m
N
h+m
N
H+ q
N
B]s=ox 6=ξ = 0, (22)
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{(curl[m
N
g+m
N
G+ q
N
E])i + ∂o[mNh
i +m
N
Hi + q
N
Bi]}s=ox 6=ξ = 0. (23)
The difference between (20)-(21) and (22)-(23) is related with the different
proper spaces x = x
N
for charged and uncharged masses. (Below we shall
find that pseudo-Riemannian metrics of charged objects is associated with ex-
ternal electromagnetic potentials, and one should use in (19) replacements
Gi → Gi + (qN/mN )Ei, Hi → Hi + (qN /mN )Bi for relations with the simi-
lar components of the novel metric tensor).
Contrary to classical theory, which admits bulk (free of particles) three-space
regions, the equation (9), for example, can not be applied with zero density of
particle matter at any point x. Charged cone matter of the same elementary
particle-field object is emitted from different positions of its source and this
elementary matter crosses all different three-space points x at the same time
parameter. The elementary cone-particle (and cone-charge) density exists simul-
taneously at all three-space points (the same is true for the elementary cone-field
density). For these reasons, a total superposition of cone-particles (and cone-
charges) always has to be present at any three-space point, i.e. no(x) 6= 0 and
µo(x) 6= 0 for all x (while ρo(x) could be equal to zero at some three-space
points only due to the opposite signs of the electric charge densities in the ma-
terial superposition). Three-space is actually a space-charge-mass continuum
without bulk regions, and source peculiarities are not included in this material
medium.
4.2. Superfluid or potential states
To apply the derived equations to practical problems of condensed matter,
for example, we consider the simplest partial solutions of (15) and (16) in the
absence of the field P
Nµ vorticity, WNµν(x)
s=0
x 6=ξ ≡ 0, when IµN (x)s=0x 6=ξ ≡ 0 due
to (5). Such potential state, ∂µPNν = ∂νPNµ, is well known for macroscopic
superfluid systems. The canonical four-momentum density P
Nµ(x)
s=0
x 6=ξ can be
written in this case via a scalar potential Υ
N
(x)s=0x 6=ξ, i.e.
P
Nµ(x)
s=0
x 6=ξ ≡ {mN (x)uµ(x) + qN (x)A6=Nµ (x)}s=0x 6=ξ = −∂µΥN (x)s=0x 6=ξ, (24)
with ∂µ∂νΥN (x)
s=0
x 6=ξ = ∂ν∂µΥN (x)
s=0
x 6=ξ. The potential state, WNµν(x)
s[τ ]=0
x 6=ξ[τ ] = 0,
corresponds to superfluid matter without radiation or energy exchange and reads
at all points x of the elementary cone N in terms of the three-vector functions
{m
N
gi(x) +mNGi(x) + qNEi(x)}s[τ ]=0x 6=ξ[τ ] = 0, (25)
{m
N
hi(x) +m
N
Hi(x) + +q
N
Bi(x)}s[τ ]=0x 6=ξ[τ ] = 0. (26)
These dynamic equations describe the mutual counterbalance of gravitome-
chanical and electromagnetic forces acting on the cone-charge densities m
N
and
q
N
in the presence of external electromagnetic field and gravity. The equa-
tions (25)-(26) are not new for dissipationless macroscopic systems. Actually
(25) is a relativistic generalization of the Bernoulli stationary equation for a
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charged ideal fluid, while (26) exhibits the known fact that the London station-
ary supercurrent is proportional to an electromagnetic three-vector potential in
a superconductor.
The potential states, which are associated with equations (24)-(26), may be
applied to many known problems, such as the field description of the Cooper
pairs within a superconductor, the dissipationless motion of free electrons within
a conductor, the bound electron states in atoms, etc. Each of these elementary
carriers, which are not involved in collisions, can be characterized by the indi-
vidual potentials Υ
K
(x)s=0x 6=ξ (corresponding to the phases of wavefunctions for
elementary matter in quantum theory). The potential state of the extended
charged object, when P
Nµ(x)
s=0
x 6=ξ = −∂µΥN (x)s=0x 6=ξ at all points of the proper
four-space x = x
N
, may be considered as a superfluid state of this cone-object
in the common space+time {x, dt}.
Now we shall consider a uniformly rotating conductor (the Faraday disk) in
order to analyze the relativistic experiment of Ref. [14] in terms of the approach,
developed herein. Rotation leads to the gravito-inertial fields (18) and (19).
The induced stationary electric and magnetic fields within the conductor create
compensating Lorentz forces that allow free charges to rotate synchronously
with the lattice charges. Only a small (conducting) fraction of electrons on the
Fermi surface deviates from potential states due to inelastic collisions. One may
say that stationary charged cone-particles (electrons within the Fermi volume)
take potential states and satisfy (24) - (26).
We find the electric and magnetic fields within a uniformly rotating conduc-
tor with an angular frequency ω in an inertial frame (where < v
K
>
K
= ω × r,
Gi → 0, Hi → 0) by averaging (25) and (26), respectively, over the ensemble,
< Eq(x) >K=< ∂
m
K
q
K
√
1− v2
K
>
K
≈ − moω
2r
|qo|(1− < v2K >K )3/2
, (27)
< B(x) >
K
= − < mK
q
K
curl
v
K√
1− v2
K
>
K
≈ 2moω|qo|
√
1− < v2
K
>
K
, (28)
where q
K
= −|qo| < 0 is the negative electron charge, mK = mo is the rest elec-
tron mass, and mo(1− < v2K >K )−1/2 is the relativistic electron mass averaged
over the Fermi volume (0 ≤ v2
K
≤ v2
F
≈ 10−4, where v
F
is the Fermi velocity).
The electric and magnetic fields within a uniformly rotating superconductor
can also be determined from (27) and (28), respectively, by averaging over all
free electrons of the total Fermi volume and Cooper pairs: both normal and
paired electrons are in potential states. Relatively small fractions of paired and
conducting electrons (both fractions on the Fermi surface) may provide, in our
consideration, only relatively small contributions to the relativistic corrections
in (28).
By using the relativistic accurate data of the experiment [14] for the magnetic
flux within rotating niobium superconductors (for which (1−v2
F
)−1/2 = 1.000180
due to the independent Fermi surface data), we may conclude for the mass-
charge ratio from (28) for this experiment that 1.000084(21)mo/qo = m/|q| =
mo/(1− < v2K >K )1/2|qo|. This result, i.e. < v2K >K= 0.47(±12)v2F , confirms
the above statement about a dominant contribution to the London magnetic
moment from dissipationless electron states under the Fermi surface, rather
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than only from the Cooper pairs on the Fermi surface (when one might expect
< v2
K
>
K
= v2
F
).
Conventional theory predicts that superfluid fractions of free electrons has
to take only Fermi velocities, v
K
= v
F
, that evidently disagrees with the exper-
imental results. The experiment [14] demonstrated, that the potential states of
charged fermions within the Fermi volume is also a superfluid form of matter.
But only superfluid Cooper bosons are responsible for the observed quantization
of the London magnetic moment due to the non-vanishing macroscopic poten-
tial < Υs
K
>
K
= Υs
K
6= 0. Each fermion possesses a stationary superfluid state
with an individual potential Υn
K
. However, any ensemble of fermions cannot
exhibit macroscopic superfluid properties in space+time because < Υn
K
>
K
= 0
after averaging over the Fermi volume, rather than over the equipotential Fermi
surface in the case of the paired electrons. Nevertheless the Barnet magnetic
moment of rotating normal metals is also associated with superfluid states of
fermions without the moment quantization on the macroscopic level.
Again, the developed approach to free electrons in potential states can ex-
plain the measured relativistic mass-charge ratio of superfluid carriers that is
hitherto unexplained by the currently available theories.
Superfluid states of charges, when W
Nµν(x)
s=0
x 6=ξ ≡ 0 and IµN (x)s=0x 6=ξ ≡ 0 (and
T µν
N
= 0, introduced below), are very special cases of matter motion without
energy exchange and radiation. Below we consider more general forms of motion
for which the incomplete equation (5) cannot be applied.
5. Proper energy-tensor of the extended object
The Hilbert variation procedure [19] for (3a) with respect to variation of the
proper metric tensor, δgµν(x) ≡ δgNµν(x) should provide the symmetric energy-
tensor density, T µν
N
(x)s=ox 6=ξ, of the elementary particle-field object N. One may
fix under this variation the contravariant coordinate vectors dxµ (but not the
covariant ones, δdxν = δ(gµνdx
µ) = dxµδgµν), the universal scalars mN (x) and
q
N
(x), the covariant four-vector potential a
Nν(x)
s=0
x 6=ξ and the covariant field
tensor f
Nµν(x)
s=0
x 6=ξ. Note that symmetric components of gµν are not independent
one from another, δgµν = δgνµ, and we define δS ≡ −
∫
dx4
√−g(T µνδgµν +
T νµδgνµ)/2 = −
∫
dx4
√−gT µνδgµν .
The proper canonical four-momentum P
Nµ depends on external gravitational
and electromagnetic fields (the scheme with P
Nµ = mN g
N
µνdx
µ/ds in the proper
canonical four-space will be clarified below). Its variations are not independent
from the variations of the metric tensor, iµδPµ=mN i
µδ[gµνdx
ν(gρλdx
ρdxλ)−1/2]
= [(δgµν)mN i
µdxν/2ds] + [(δgνµ)mN i
νdxµ/2ds] =m
N
(iµdxν+iνdxµ)δgµν/2ds.
The term −√−g(fµν
N
δW
Nµν + f
νµ
N
δW
Nνµ)/16π may be transformed under the
four-space integral into (m
N
√−g∇νfνµN /4π)δPNµ. The contravariant metric
tensor is related to the covariant one, i.e. δgαβ = −gαµgβνδgµν − gανgβµδgνµ
= −δgµν(gαµgβν + gανgβµ), δ
√−g = √−g(gµνδgµν + gνµδgνµ)/2 =
√−g(gµν +
gνµ)δgµν/2.
There are no special reasons in our approach to involve artificially a scalar
metric curvature, RRicci, into the complete action (3a) for the collisionless
particle-field object. The curvature ought to appear naturally in any self-
contained theory. Moreover, the Rainich - Misner criterion, R
RM
=0, for unified
theories [20,21] dismisses scalar curvatures in the initial dynamical equations.
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Finally, after variation (3a) with respect to δgNµν (and δg
N
νµ), one can obtain
the proper energy-tensor density,
T µν
N
(x)
s[τ ]=0
x 6=ξ[τ ] ≡ {
m
N
2
(
dxµ
ds
N
Iν
N
(x) +
dxν
ds
N
Iµ
N
(x)
)
+
W
Nρλ(x)
16π
[gµν
N
fρλ
N
(x) − 2gµρ
N
fνλ
N
(x)− 2gνρ
N
fµλ
N
(x)]}s[τ ]=0x 6=ξ[τ ], (29)
for one elementary particle-field object N at its material points x
N
= x, with
x 6= ξ[τ ] and s(x, ξ[τ ]) = 0. This tensor takes only zero components for the
above considered potential motion, when Iµ
N
=W
Nµν = 0. One may say that the
paired in the selected object cone-particle and cone-field fractions energetically
compensate (or screen) each other for these dissipationless states of matter.
If ten different components of the proper metric tensor gNµν can be indepen-
dent one from another, as is generally accepted, one could expect to derive from
the action (3a) the Einstein-type tensor equation,
T µν
N
(x)
s[τ ]=0
x 6=ξ[τ ] = 0, (30)
for every considered object.
Below we shall derive a novel four-vector equation for arbitrary motion of
the particle-field object, T µν
N
P
Nµ=0, rather than the Einstein-type tensor equa-
tion for gravitation, T µν
N
= 0, which takes place in vector electrogravity only
for potential, superfluid states. By deriving the ten-component Einstein equa-
tion from the variational principle, one accepts the conventional assumption of
general relativity that components of the symmetric tensor gµν may have ten
degrees of freedom (without referring to any physical notions behind this ba-
sic mathematical statement). As a result ten components of the energy-tensor,
rather then masses with Newton’s vector fields, are origin of tensor gravity in
general relativity. In the last section we shall find that the metric tensor or its
tetrad can take only four degrees of freedom associated with external Coulomb-
Newton four-potentials a
Kµ. A reasonable four-vector equation for gravitation
has to replace ten tensor relations in the most general case of motion.
Total density of matter at any selected point of the common three-space x
takes contribution from different extended cone-objects. In order to describe
the energy-tensor density under intersection of traceless superfluid objects at
one particular point of space+time and derive the Einstein-type equation, one
could consider a sum of the elementary densities,
T µν(x, t) ≡
∑
N
T µν
N
(x
N
)
s
N
[τ
N
]=0
x
N
6=ξ
N
[τ
N
] =
∑
N
0 = 0. (31)
But there are no 4D intersections of different curved four-spaces x
N
, only their
3D subspaces with universal geometry can intersect. A transaction in (31) or
in (9)-(11) from different proper four-spaces x
N
to the common space+time
manifold {x; dt(x)} is not a trivial procedure (that will be clarified in the next
section).
Assuming for a moment that it is possible to introduce the curved four-
space with common (or averaged) metric tensor, g˜µν , with ds˜
2 = g˜µνdx˜
µdx˜ν ,
one could formally rewrite (31) in the Einstein-like form,
1
κ
(
R˜µν − g˜
µν
2
g˜ρλR˜
ρλ
)
= µo(x˜)
dx˜µ
dx˜o
dx˜ν
ds˜
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+
F˜ρλ
16π
[g˜µν F˜ ρλ − 2g˜µρF˜ νλ − 2g˜νρF˜µλ], (32)
where the following definitions are introduced, R˜µν ≡ G˜µν − 2−1g˜µν g˜ρλG˜ρλ,
G˜µν(x˜) ≡ G˜µν(x˜, x˜o) ≡ κ
8π
∑
N
{m
N
dxµ
N
ds
N
∇ρfρνN (xN ) +mN
dxν
N
ds
N
∇ρfρµN (xN )
+m
N
Mρλ(xN )[g
µρ
N
fνλ
N
(x
N
) + gνρ
N
fµλ
N
(x
N
)− g
µν
N
2
fρλ
N
(x
N
)]}sN [τN ]=0x
N
6=ξ
N
[τ
N
],
µo(x˜)
dx˜µ
dx˜o
dx˜ν
ds˜
≡
∑
N
m
N
2
(
iµ
N
(x
N
)
dxν
N
ds
N
+ iν
N
(x
N
)
dxµ
N
ds
N
)s
N
[τ
N
]=0
x
N
6=ξ
N
[τ
N
]
,
F˜ρλ[g˜
µνF˜ ρλ − 2g˜µρ
N
F˜ νλ − 2g˜νρF˜µλ
N
]
≡
∑
N
F 6=Nρλ (xN )[g
µν
N
Fρλ
N
(x
N
)− 2gµρ
N
Fνλ
N
(x
N
)− 2gνρ
N
Fµλ
N
(x
N
)]
s
N
[τ
N
]=0
x
N
6=ξ
N
[τ
N
].
A trace of the Einstein-type equation (32), −κ−1R˜ = −κ−1g˜ρλR˜ρλ, with
− R˜
κ
=µo(x˜)
ds˜
dx˜o
≡
∑
N
m
N
∫
dp
N
√
gNµνdx
µ
N dxνN
dp
N
δˆ4
N
(x
N
, ξ
N
[p
N
])x
N
6=ξ
N√−g
N
, (33)
depends on the ”curvature” R˜(x˜) (k = 8πG is the Einstein constant [8]) and
formally corresponds to the equality
∑
N
gNµνT
µν
N
(x
N
)
s
N
[τ
N
]=0
x 6=ξ
N
[τ
N
] ≡ 0.
The above separation of gravitomechanical and electromagnetic fields in (32)
looks artificial for the introduced cone object with joint forming-up field for
electric charge and mass densities. It is more reasonable to divide, if ever, (31)
into the pure cone-particle and pure cone-field contributions as follows,
1
κ
R˜µν(x˜, x˜o) = µo(x˜)dx˜
µ
dx˜o
dx˜ν
ds˜
, (34)
where
R˜µν(x˜)≡ κ
8π
∑
N
{m
N
dxµ
N
ds
N
∇ρfρνN (xN ) +mN
dxν
N
ds
N
∇ρfρµN (xN )
+W
Nρλ(xN )[g
µρ
N
fνλ
N
(x
N
) + gνρ
N
fµλ
N
(x
N
)− g
µν
N
2
fρλ
N
(x
N
)]}sN [τN ]=0x
N
6=ξ
N
[τ
N
]. (35)
Again, the equation (34) looks artificial for extended masses under the ”aver-
aged” geometry of the joint curved four-space x˜ and the joint curved three-space
x˜, where intersection of cone-particles can be expected.
The external forming-up fields a
Kν(x)
s=0
x 6=ξ can be traced under formation
of the field densities in (32) and (35), which may be formally associated with
the Ricci curvature in the Einstein equation. One may assume that the met-
ric tensor could also depend on contributions of external fields with a
Kµ and
a
Kν . But these forming-up fields are common for both elementary Newton-like,
B
Nν(x)
s=0
x 6=ξ ≡ mNaNν(x)s=0x 6=ξ, and Coulomb-like, ANν(x)s=0x 6=ξ ≡ qN aNν(x)s=0x 6=ξ,
four-potentials. These particular findings can motivate us to reconsider the
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metric properties of the proper four-space x
N
, that may open the gates for
modernization of gravity within Einstein’s covariant formalism. Unification for
gravitation and electromagnetism may take place, for example, under the canon-
ical four-space with electromagnetic and gravitomechanical connections. Below
we shall study the symmetrical involvements of external masses and charges
into the proper metric tensor and develop the new covariant approach to the
extended cone-particle within the flat 3D continuum of space-charge-mass.
6. Gravitation under flat three-space
The covariant constructions for every selected object depend essentially on
proper four-space geometry associated with external matter. External matter
(and proper four-space geometry) differs for different objects. Curved four-space
in general relativity is associated with curved three-space due to Schwarzschild’s
solution for point masses [22].
There are no point masses in our consideration and Schwarzschild’s solu-
tions cannot be appropriate for extended cone-particles. Nevertheless, should
all statements of the accepted gravitomechanics be formally adopted for cone-
masses, the above derived field equations would meet the problem of inho-
mogeneously curved 3D subspaces. It would not make sense to speak about
a common three-space for any ensemble of intersecting extended objects. It
is impossible to introduce a common pseudo-Riemannian four-space x˜ with
g
1µν(x˜)p
µ
1
(x˜)pν
1
(x˜) = m2
1
(x˜) and g
2µν(x˜)p
µ
2
(x˜)pν
2
(x˜) = m2
2
(x˜) for different ex-
tended elementary mass densities at the same points of the same manifold x˜,
because g
1µν(x˜) 6= g2µν(x˜) due to different external systems for m1 and m2 at
the same points. But extended intersections of different cone objects may take
place on joint subspaces when and if the latter hold common geometry.
Einstein’s covariant formalism can fluently operate, as known, with differ-
ent solutions for three-space metric under the pseudo-Riemannian four-interval.
Evolution of extended cone-particles can be observed through the dynamics of
their point sources in common material 3D space which should keep one uni-
versal geometry for all proper 3D subspaces. Observed conservation of three-
momentum for mechanical systems at all space points indicates that the common
3D space is to be homogeneous with constant curvature (positive, negative or
zero).
In order to verify mathematical opportunities to implement flat three-space
into Einstein’s scheme with pseudo-Riemannian metric, we employ the known
tetrad formalism, for example [8,23], which leads to the representation of a four-
interval, ds2 = gµνdx
µdxν ≡ ηαβeαµeβνdxµdxν ≡ ηαβdxαdxβ , in the ”plane”
coordinates dxα ≡ eαµdxµ, dxβ ≡ eβνdxν , ηαβ = diag(+1,−1,−1,−1). One can
immediately find eoµ = {
√
goo;−√googi} and eaµ = {0, eai} from the equality
ds2 ≡ [√goo(dxo − gidxi)]2 − γijdxidxj . At first glance the space triad eai (a =
1,2,3), which can be algebraically represented via the components of the three-
space metric tensor γij ≡ goigojg−1oo − gij , depends essentially on gravitation
fields or four-space distribution of gravitomechanical cone-charges. But this is
not the case due to the universal degeneration of the three-space metric tensor
γij for any elementary object.
Let us consider the ”curved” three-space components Vi ≡ Vi + B 6=Ni of
the metric-velocity four-vector Vµ ≡ gµν x˙ν in (1) by using the tetrad formalism,
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−(√googi+vi)(1−vivi)−1/2 = Vi = eαiVα = eoiVo+eaiVa = −(
√
googi+e
a
iva)(1−
vav
a)−1/2. This leads immediately to a trivial solution vi ≡ eaiva = δai va for the
”curved”, vi, and the ”plane”, va, three-velocities, because e
o
i = −
√
googi and
Vα = {(1 − vava)−1/2;−va(1 − vava)−1/2}. The solution with the Kronecker
delta-symbol δai (δ
a
i = 1, i = a and δ
a
i = 0, i 6= a) demonstrates that the
space triad and, consequently, the three-space metric tensor are independent of
gravitation fields, i.e. eai = δ
a
i and γij = δij .
Euclidean three-space geometry may be appropriate for the covariant for-
malism of gravitation due to the hidden equalities goigojg
−1
oo ≡ gij + δij for
every elementary material object. The metric tensor in the most general case
reads gµν ≡ ηαβeαµeβν ≡ ηµν + ηαβ(eαµeβν − δαµδβν ) ≡ ηµν + g 6=Nµν , where eoµ =
{√goo;−√googi} and eaµ = {0, δai } ≡ δaµ. In agreement with this considera-
tion, the three-interval is always associated with the universal Euclidean met-
ric, because γNij ≡ {goigojg−1oo − gij}N ≡ δij ≡ −ηij for all objects, while the
four-interval is always associated with the proper pseudo-Riemannian metric,
gµν 6= ηµν , which is different for different elementary objects.
A scalar differential of the four-interval along material points x ≡ x
N
of any
selected cone object N (four-interval ds
N
≡ ds, for brevity) is given by
ds2 =
[√
goo
dxo
ds
+
goidx
i
√
goods
]2
ds2 − δijdxidxj ≡ dτ2(ds, dt, dl)− dl2 (36)
in arbitrary external gravitational fields. But (36) is a nonlinear equation with
respect to ds2, rather than a linear relation. The first term at the right hand
side of (36) depends on the four-interval ds, which is a nonlinear function of the
3D interval dl ≡ dl
N
≡√δijdxidxj and 1D interval dt ≡ dtN ≡ √δoodxodxo.
Now we return to the metric-velocity four-vector in (1). Notice that Vµ =
eαµVα = (e
a
µVa + e
o
µVo) = (e
a
µVa + δ
o
µVo) + (e
o
µ − δoµ)Vo ≡ Vµ + B 6=Nµ , with
the proper four-velocity Vµ ≡ (eaµVa + δoµVo) = δαµVα, because eao = 0 and
eai = δ
a
i . Flat three-space geometry is just the way to introduce the four-
potential B 6=Nµ ≡ (eoµ − δoµ)Vo of external gravitational field in analogy with
the four-potential A6=Nµ for external electromagnetic field. This external grav-
itational four-potential and the proper metric tensor gµν ≡ gNµν are charac-
teristics of only one selected object N. In general the four-momentum density,
P
Nµ(x)
s=o
x 6=ξ ≡ mN δαµVα + mNB 6=Nµ + qNA6=Nµ , takes the mechanical, gravita-
tional and electromagnetic contributions, respectively. Both gravitational and
electromagnetic contributions are associated with the same system of external
forming-up fields a
Kµ, that provides for a neutral object, qN = 0, the following
relations,
p
Nµ(x) ≡
{
m
N√
1− v2 +
m
N
(
√
goo − 1)√
1− v2 ;−
m
N
vi√
1− v2 −
m
N
gi
√
goo√
1− v2
}
≡ m
N
δαµVα +
K 6=N∑
K
(−Gm
N
m
K
)a
Kµ(x)
s
K
=o
x 6=x
K
. (37)
At the right hand side we used the symmetrical involvement of any mass,m
K
,
and electric charge, q
K
, in their proper gravitational and electromagnetic field,
based on the joint forming-up uncharged field a
Kµ. This principle statement
of the developed scheme makes external gravitational field linear with respect
to the sources and provides new opportunities to introduce a detail structure
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of the metric tensor. Both gravitational, B 6=Nµ (x) ≡ −G
∑
K 6=N
K
m
K
a
Kµ(x)
s
K
=o
x 6=ξ
K
,
and electromagnetic, A6=Nµ (x)≡
∑
K 6=N
K
q
K
a
Kµ(x)
s
K
=o
x 6=ξ
K
, four-potentials may lead
to the joint gauge-invariant scheme and to conservations of the charges, m
N
and q
N
, respectively. One will recall that the mechanical and the gravitational
charges in (37) are equal.
In this section we study only neutral objects (q
N
= 0 for the selected object
N) by staying in the framework of the mechanical covariant formalism. Then
the tetrad takes, according to (37), the following components eaµ = {0, δai } = δaµ
and eoµ = {1+
√
1− v2B 6=No ;
√
1− v2B 6=Ni } = δoµ+
√
1− v2B 6=Nµ , and the proper
metric tensor gNµν ≡ ηµν + g 6=Nµν for the elementary cone-charge mN in external
fields is given by 

goo = (1 +
√
1− v2B 6=No )2
goi = (1 +
√
1− v2B 6=No )
√
1− v2B 6=Ni
gij = (1− v2)B 6=Ni B 6=Nj + ηij
. (38)
The considered point x of the selected object N is affected by all other
objects K with retarded zero-interval signals from their source point ξ
K
(τ
K
).
As expected, all components of the three-space metric tensor are independent
of external gravitational charges, γij ≡ goigojg−1oo − gij = δij (now may be
verified from (38)), while every particular component of the proper four-space
metric tensor (38) is related to the external potential B 6=Nµ (x).
One can represent (38) in a more compact way, gµν = ηαβe
α
µe
β
ν and e
α
µ =
δαµ+δ
αo
√
1− v2B 6=Nµ . Notice, that PµN = gµνPNν =mN [ηµνVν+(gµν−ηµν)Vν+
gµνB 6=Nν ] = mN η
µνVν - mN{(1+
√
1− v2B 6=No )−1(B 6=No +B 6=Ni vi); 0} = mN (1−
v2)−1/2{1 + (g−1/2oo − 1 + givi); vi} and PNµPµN = m2N (VµVµ + 0) = m2N for
arbitrary gravitational four-potential B 6=N
Nµ .
Substituting the metric tensor (38) into (36), we obtain a general equation
for the proper four-interval, ds = ds
N
, of any selected cone object N,
ds2 + dl2 = (dxo +
√
1− v2B 6=Nµ x˙µds)2, (39)
where x˙µ ≡ dxµ/ds and dl2 ≡ δijdxidxj . Each elementary forming-up po-
tential a
Kµ(x)
s
K
=o
x 6=ξ
K
within the gravitational four-potential B 6=Nµ (x) satisfies the
Maxwell-type equation with the proper metric tensor, determined by all ex-
ternal fields for m
K
. This elementary potential takes the static Newton -
Coulomb components {r−1
K
; 0} in a local rest frame of this object K. The radius
r
K
≡ r
K
(x, ξ
K
[τ
K
])
s
K
=o
x 6=ξ
K
6= 0 is associated with the ”material” parameter τ
K
determined by a zero four-space interval, s
K
(x, ξ
K
[τ
K
]) = 0.
Now we derive a planetary perihelion precession in order to test the four-
interval equations (39) or (36) with the new structure of the metric tensor (38),
which is consistent with flat three-space, γij = δij . A bound system of distant
external sources with every r
K
≈ r ≡ u−1 may be considered as a united source
(the Sun, for example) with an effective mass M . Relativistic relations for the
function α
N
(ds2, dl2) ≡ √1− v2
N
B 6=Nµ x˙
µ
N
will be derived in the next section.
One may use in (39) the Newton-Coulomb potential Bo = −GMr−1 ≡ µu≪ 1
for non-relativistic motion, when a considered object N (a planet with a small
mass m
N
≪ M and velocity v2 = dl2/dτ2 ≪ 1) moves in Sun’s rest frame,
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where Bi = 0. The equation (39) for the proper four-interval ds reads
ds2(dt, dl) + dl2 = dτ2(dt, dl, ds) = dt2
(
1− µu
√
1− dl
2
dτ2
)2
≈ dt2
(
(1 − µu)2 + µu(1− µu) dl
2
dτ2
)
= dt2(1 − µu)2 + dl2µu(1− µu)−1, (40)
where we used (dxo)2 = dt2 and dl2 ≪ dτ2.
The mass dependent coefficient at the three-interval, dl2 = dr2 + r2dϕ2 =
u−4du2+u−2dϕ2, does not mean departure from Euclidean three-space geometry
in gravitational fields. This coefficient is associated with the direct involvement
of space replacement dl into the proper time rate dτ(dt, dl, ds) in agreement
with the metric tensor (38). Our gravitational time dilation and the proper
time rate, dτ = (1 −GMu)dt for v2 ≪ 1, coincides with the general relativity
time rate,
√
(1− 2GMu)dt, in weak fields. But there are no Schwarzschild’s
divergencies in the four-interval (39) for strong fields, as will be proved below.
The Killing vectors and integrals of motion, (1 − µu)2dt/ds = E = const
and r2dϕ/ds = L = const (with ϑ = π/2 = const), are well known under the
four-interval (40) with stationary coefficients in strong fields, for example [24].
By taking into account these conservation laws in (40) one obtains an equation
for a rosette motion of planets under the above restrictions on their velocities,
(1 − 2µu)L−2 + (1− 3µu)(u′2 + u2) = E2L−2, (41)
where u′ ≡ du/dϕ and µu≪ 1. now one may differentiate (41) with respect to
the polar angle ϕ,
u′′ + u− µ
L2
=
9
2
µu2 + 3µu′′u+
3
2
µu′2, (42)
by keeping only the oldest nonlinear terms. This equation may be solved in
two steps, when a linear solution, uo = µL
−2(1+ ǫcosϕ), is substituted into the
nonlinear terms on the right hand side of (42).
The most important correction (which is summed over century rotations
of the planets) is related to the ”resonance” (proportional to ǫcosϕ) nonlinear
terms. We therefore ignore in (42) all corrections, apart from u2 ∼ 2µ2L−4ǫcosϕ
and u′′u ∼ −µ2L−4ǫcosϕ. Then the approximate equation for the rosette mo-
tion, u′′ + u − µL−2 ≈ 6µ3L−4ǫcosϕ, leads to the accepted perihelion preces-
sion, ∆ϕ = 6πµ2L−2 ≡ 6πµ/a(1 − ǫ2), which was originally derived from the
Schwarzschild metric for the curved three-space, for example [23-26].
It is important to emphasize that the measured result, ∆ϕ, for the planet
perihelion precession in weak Sun fields was derived from the nonlinear four-
interval (40) under the flat three-space, rather than from the linear four-interval
under the curved three-space. The four-interval equation (39) may be used only
for a rest-mass object, while a similar equation for photons, dl2/dτ2 = n−2, is
associated with their slowness n−1 in gravitational fields. By taking into account
that n−1 =
√
goo in static fields, one can explain the measured gravitational light
bending by keeping flat 3D space (Appendix 2).
Thus, Euclidean 3D sub-space provides the alternative way to explain main
gravitational phenomena, to construct self-contained relativity, and to overcome
the known conceptual difficulties [27], associated with Schwarzschild’s solutions.
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Covariant form of basic equations can hold universal flat three-space, which re-
mains common for all material objects, contrary to their proper four-dimensional
manifolds. One may note that flat three-space is able to remove the conventional
objection (three-space curvature) against the hypothesis [28] of electromagnetic
origin of gravity. There are many other arguments why flat three-space is ex-
clusively attractive for advanced theories of space-time [29].
Below we shall study the proper canonical pseudo-Riemannian four-space
and predict a new phenomenon (electromagnetic time dilation and compres-
sion), which have never been proposed from the other couplings of gravity and
electrodynamics, including [30-32]. This phenomenon is available for prompt
laboratory tests and may be interesting for applications.
7. Four-space with electromechanical connections
7.1. Electromagnetic time compression and dilation
The observable motion of matter is three-dimensional in spite of the fact
that various high dimensional manifolds can be employed for self-consistent de-
scription of any selected object. Geometries of the proper high dimensional
manifolds differ from the universal (for all objects) geometry of the common
3D subspace. The proper metric tensor gµν ≡ ηαβeαµeβν 6= ηµν of pseudo-
Riemannian four-space may take only nonzero components, but must always
hold (in the developed constructions) Euclidean geometry for 3D subspace, due
to the hidden degeneration, goigojg
−1
oo − gij ≡ γij = δij , for real matter. This
scheme provides a simple opportunity for implication of electric charges into
metrics of the proper pseudo-Riemannian four-spaces. Contrary to the conven-
tional formalism of general relativity, there are only four degrees of freedom from
ten components gµν due to the above six conditions for 3D metrics. One ought
to expect that only four new relations, rather than ten Einstein-type equations
T µν
N
= 0, may remain independent for both gravitation and electrodynamics in
flat three-space.
In order to describe objects with electric charge and rest mass we return to
(1) and (37), but with the symmetrical contribution of gravitomechanical and
electric charges into the proper canonical four-momentum,
P
Nµ(x) ≡
{
m
N√
1− v2 +
m
N
(
√
goo − 1)√
1− v2 ;−
m
N
vi√
1− v2 −
m
N
gi
√
goo√
1− v2
}
≡ m
N
Vµ ≡ mN δαµVα +
K 6=N∑
K
(−Gm
N
m
K
+ q
N
q
K
)a
Kµ(x)
s
K
=o
x 6=x
K
(43)
or P
Nµ(x)
s=o
x 6=ξ = {mN δαµVα+mNU 6=Nµ (x)}s=ox 6=ξ, with δαµVα ≡ Vµ = {β−1,−β−1vi},
U 6=Nµ (x) = m
−1
N
∑
K 6=N
K
(−Gm
N
m
K
+ q
N
q
K
)a
Kµ(x)
s
K
=o
x 6=x
K
= B 6=Nµ +m
−1
N
q
N
A6=Nµ ,
and β =
√
1− δijvivj = ds/dτ = ds/(ds2 + dl2)1/2.
By considering joint roots for the electric and gravitomechanical external
fields, one can introduce (for a selected charged object N) a proper canonical
four-dimensional space xµ
N
with the affine connections generated by both electric
and gravitomechanical external charges. The proper canonical four-momentum
in this pseudo-Riemannian four-space takes the ”old”, mechanical view, Pµ
N
=
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m
N
dxµ
N
/ds
N
, P
Nν = mN g
N
µνdx
µ
N
/ds
N
= m
N
δαν Vα +mNB
6=N
ν + qNA
6=N
ν , ds
2
N
=
gNµνdx
µ
N
dxν
N
, P
NµP
µ
N
= m2
N
. Then all external electric charges contribute into
the proper canonical metric tensor gNµν = ηαβe
α
Nµe
β
Nν and into its tetrad
eα
Nµ(x)
s
N
=o
x 6=ξ
N
= δαµ + δ
αo
√
1− v2U 6=Nµ (x)
s
N
=o
x 6=ξ
N
. (44)
One can verify from (44) that the canonical metric tensor is consistent with
the same flat three-space, goigojg
−1
oo − gij = δij , as well as the pure mechanical
analog (37). The sole difference between the proper four-intervals in the elec-
tromechanical and mechanical pseudo-Riemannian four-spaces is related to the
different proper times for charged and neutral objects in external fields. But
the proper times are always different even among electrically neutral objects
and the additional contribution of electrical charges into the proper time notion
cannot change Einstein’s covariant formalism for relativistic motion.
In the general case the proper time of the selected charged object N, dτ
N
≡
dτ = β−1ds =
√
goo(dx
o − gidxi) = (1 + βUo)dxo + βUidxi = dxo + βUµdxµ =
dxo+β2UµP
µm−1dτ , depends on all external gravitational and electromagnetic
fields,
dτ2 =
(
1 + βU 6=No
1− βU 6=Ni viN
)2
dt2 =
dt2
(1 − β2U 6=Nµ Pµm−1)2
. (45)
Again, any curved proper four-space (which is specific for every neutral or
charged object) is only auxiliary notion. Evolution of matter takes place in
three-space with the universal Euclidean geometry for all extended charges and
masses. There is no common curved Universe or curved four-space for different
4D cone objects. Nevertheless one may consider a common space+time manifold
{dt(x);x} due to the universal one-dimensional interval (7), dt2
K
= γKoodx
o
K
dxo
K
with γKoo = δoo = 1, and due to the common 3D subspace, which keeps three-
interval dl2
K
= γKijdx
i
K
dxj
K
with the universal tensor γKij = δij for all charged
objects.
The physical velocities of charged cone objects in the flat three-space, dxi/dτ
≡ vi
N
≡ vi ≡ vi ≡ vN i, are related with the proper time and, consequently, with
a particular distribution of external sources of charges and masses. Note, that
masses contribute into the external canonical potential U 6=Nµ with the same sign
and they can provide only the Einstein-type time dilation [1] in (45). External
electric charges with different signs can lead to the electromagnetic time com-
pression, as well as to the electromagnetic time dilation. Both these phenomena
are much stronger for macroscopic charged objects than the gravitational time
dilation for these objects, and one may expect to test the proposed electromag-
netic compression-dilation of time (45) in the laboratory.
There are experiments showing that the rate of radioactive α-decay may be
accelerated by external electrical potential of the Van de Graaff generator [33].
There is also an observation [34] that tritium decays rapidly within the metal
matrix that disagrees with the established theory of β-decay. The measured
decelerated oscillations of an electrically charged torque pendulum in a Faraday
cage [35] stimulate also to test (45) in practice.
By taking into account (45) with β = ds/(ds2 + dl2)1/2, one may relate
all three proper intervals ds2
N
≡ gNµνdxµN dxνN , dl2N ≡ δijdxiN dxjN , and dt2N ≡
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δoodx
o
N
dxo
N
,
ds2 + dl2 =
(
ds2 + dl2 + ds
√
ds2 + dl2Uo
ds2 + dl2 − Uidxids
)
dt2. (46)
The relation (46) for the four-interval ds ≡ ds
N
may be represented, due
to the equalities ds2
N
+ dl2
N
≡ (dxo
N
+ α
N
ds
N
)2 and α
N
≡ βU 6=Nµ PNµm−1N ≡
(U 6=No + U
6=N
i v
i)/(1 + βU 6=No ), in the following form,
ds2 ≡
(
α
N
dxo ±√(dxo)2 − dl2(1− α2
N
)
(1 − α2
N
)
)2
≈ dt
2
(1 − α
N
)2
− dl
2
(1− α
N
)
, (47)
when (1 − α2
N
)dl2/dt2 ≪ 1. Notice that α
N
= α
N
(ds, dt, dl) and there is no
Schwarzschild’s peculiarity in the nonlinear equations (46)-(47) that provides a
novel approach to the black hole problem.
The following summary of the main relations between the proper metric
tensor, gµν ≡ gNµν(xN ), the proper canonical four-momentum, Pµ ≡ PNµ(xN ),
and external fields, Uµ ≡ U 6=Nµ (xN ), may be useful for applications,
goo = (1 + βUo)
2, goi = (1 + βUo)βUi, gij = β
2UiUj − δij ,
gi = −goi = γijgj = gi = −goig−1oo = −Ui(β−1 + Uo)−1
goo = g−1oo − gigi = (1− β2UiUjδij)(1 + βUo)−2, γij = γij = −gij = δij
Pµ = mgµνdx
ν/ds = m(δαµVα + Uµ) = muµ + qAµ = mVµ
Pµ = m{β−1 + Uo ; −β−1vi + Ui} = m(δαµVα + Uµ) = gµνP ν
Pµ = {m(β−1 + Uo) ; P i} = m{β−1 − (Uo + Uivi)(1 + βUo)−1 ; β−1vi}
PµP
µ = goo(P
o − giP i)2 − δijP iP j = P 2o g−1oo −m2β−2v2 = m2. (48)
It is remarkable that the contravariant component P i
N
= m
N
β−1vi does
not depend on external potentials at all, U i6=N ≡ 0, contrary to the canonical
three-momentum P
N i = −mNβ−1vi +mNU 6=Ni . This means that the external
electromagnetic potentials A6=Nµ and A
µ
6=N , as well as the external gravitoelec-
tromagnetic potentials U 6=Nµ , U
µ
6=N , are not four-vectors in the proper four-space
xµ
N
. The proper four-space xµ
N
and its proper metric tensor gNµν were introduced
for the proper notions of one selected object N, but not for its external fields. In
our approach the proper metric tensor cannot be applied for rising or lowering
indexes of external fields, i.e. A6=Nµ 6= gNµνAν6=N and U 6=Nµ 6= gNµνUν6=N (as well as
P
Kµ 6= gNµνP νK ). As a result, a pure electrical object with qN 6= 0 and mNµ = 0
can not exist in reality.
Note that the conventional scalar product of any canonical four-vectors in
classical electrodynamics, for example gmµν(mu
µ + qAµ)(muν + qAν) = m2 +
2mqgmµνu
µAν + q2gmµνA
µAν , is not associated with conservations (because the
pure mechanical metric relations, gmµνu
µuν =1, are incorrect for electrically
charged objects). This fact prevented to a reasonable introduction of the canon-
ical four-momentum as an independent variable in the classical theory, which
operates with the point particle in the collective field, rather than with external
fields for the proper field densities of every extended object.
Again, the proper metric tensors gµν
N
can not be applied for rising indexes of
any one summand in m
N
Vµ = mNuµ + qNA
6=N
µ = mNVµ +mNB 6=Nµ + qNA6=Nµ ,
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despite gµν
N
Vµ = V
ν for the proper four-velocity Vµ ≡ VNµ of the charged object
N. Proper four-space and its geometry or metric tensor is associated only with
proper notions of a considered material object, rather with its external fields
U 6=Nµ =
∑
K 6=N
K
C
K
a
Kµ. There are proper tensors g
K
µν , which relate the four-
vectors a
Kµ and a
µ
K
in every four-space xµ
K
, but their is no common or universal
metrics, which relates the quantities without definite tensor nature, U 6=Nµ and
Uµ6=N .
The four-vector P
Nµ = mN g
N
µνdx
ν
N
/ds
N
= m
N
uµ+ qNA
6=N
µ takes the unified
structure, which cannot be informally split in the proper four-space xµ
N
into inde-
pendent mechanical and electromagnetic four-vectors. Neither of the two sum-
mands, m
N
uµ and qNA
6=N
µ is a four-vector in the canonical four-space. One may
verify from (48) that m
N
uµmNu
µ 6= m2
N
for any electrically charged particle in
external electromagnetic fields. It is important to underline, that the action
(3b), for example, is associated with the scalar product of the two four-vectors
in the proper canonical four-space xµ
N
, because P
Nµi
µ
N
→ (m
N
gNµνdx
ν
N
/ds
N
)dxµ
N
= m
N
ds
N
.
Contrary to different geometries of curved four-spaces, Euclidean geometry
for flat 3D sub-spaces may be universally introduced for all objects. This opens
a way for comparisons, measurements and observations of different matter evo-
lution in common 3D space. In actual practice, one may measure only a flat
3D interval, dl =
√
γNijdx
idxj , and a flat 1D interval, dt =
√
γNoodxodxo, due
to the universal relations γNij = δij and γ
N
oo = δoo for all objects. One cannot
measure a 4D interval ds
N
=
√
gNµνdxµdxν , as well as uµ or Vµ, because gNµν for
measured object N does not coincides, gNµν 6= gKµν , with metrics for other objects
or instruments. In other words a curved four-space space xµ
N
is an auxiliary no-
tion, and one may measure only dl/dt, rather than the mechanical four-velocity
uµ or canonical four-velocity Vµ.
Now a natural question arises: Does equivalence principle take place in the
proper four-space with unified electromechanical connections?
7.2. Equivalence principle for charges
Virtual and material variations δxµ in the action (3a) lead to geodesic con-
servations of the canonical four-momentum P
Nµ at all material points of the
selected object N,
DP
Nµ(x)
s[τ ]=o
x 6=ξ[τ ] = 0. (49)
These geodesic equations correspond to the equivalence principle for the
charged object N in its proper four-space with electromechanical connections.
One may rewrite (49) in an equivalent form,
{P ν
N
(x)W
N νµ(x)}s[τ ]=ox 6=ξ[τ ] = 0, (50)
because P ν
N
∇µPNν = 0 and DPNµ ≡ dxνN∇νPNµ = dsNm−1N P νN∇νPNµ =
ds
N
m−1
N
P ν
N
WNνµ = 0 at all material points, s[τ ] = 0 and x 6= ξN . Now
one may use the formal separation of the canonical tensor (14) into the three
non-tensor summands in these geodesic equations, P j(∂jPo − ∂oPj) = 0 and
P j(∂jPi − ∂iPj) + P o(∂oPi − ∂iPo) = 0, in order to separate the gravitational
and electromagnetic forces under free motion of charges,
Pµ
N
(∂νVµ−∂µVν) = PµN (∂µB 6=Nν −∂νB 6=Nµ )+qNm−1N PµN (∂µA6=Nν −∂νA6=Nµ ), (50′)
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with Vµ = δαµVα = {β−1,−β−1vi}. This is a replacement of the Minkowski-
Lorentz equation, −m
N
Duµ/ds ≡ m
N
uµ(∇νuµ −∇µuν) = qNuµF 6=Nµν , for elec-
tric charges in the conventional four-space with pure gravitomechanical connec-
tions, when uµu
µ = 1. The Lorentz force, q
N
m−1
N
Pµ
N
F 6=Nµν (x), is accompanied by
its gravitational analog for masses, Pµ
N
G6=Nµν (x), in (50’), where q(E + v×B)i +
m(Eg+v×Bg)i = mβ−1[∂iVo−∂oVi−Vj(∂jVi−∂iVj)] ≈ m[∂ovi+(vj∇j)vi] =
mdvi/dt and mN v
idvi/dt = v
i(m
N
Egi + qNEi) for the nonrelativistic limit.
There are no formal discrepancies with Newton’s and Lorentz’s forces in this
limit, but the self-action forces, Pµ
N
m
N
f
Nµν(x) and q
2
N
m−1
N
Pµ
N
f
Nµν(x), are ab-
sent under the geodesic motion (49)-(50’). The absence of self-action or self-
acceleration of free charges in practice corresponds to restrictions Pµ
N
f
Nµν = 0
or dxµ
N
f
Nµν = 0, which can be employed in the present scheme along with the
geodesic relations (50).
7.3. Maxwell-type equation for vector electrogravity
The energy-tensor T µν
N
(x)
s[τ ]=0
x 6=ξ[τ ] for the material cone-object is defined by
(29) with dxµ
N
/ds
N
= Pµ
N
,
T µν
N
≡ {P
µ
N
Iν
N
+ P ν
N
Iµ
N
2
+
W
Nρλ
16π
[gµν
N
fρλ
N
− 2gµρ
N
fνλ
N
− 2gνρ
N
fµλ
N
]}s[τ ]=0x 6=ξ[τ ]. (29′)
Should this energy-tensor take only zero components as it may be accepted
for the conventional case, based on the supposed, not proven, independency
of ten components in gNµν? Now one may exam (from (48), for example) the
relations between components P
Nµ and g
N
µν , with PNµPNνg
µν
N
= m2
N
. In the
general case both P
Nµ and g
N
µν , or the proper tetrad (44), depend on the same
external four-field U 6=Nµ , while I
µ
N
δP
Nµ = mN I
µ
N
δ[gµνdx
ν(gρλdx
ρdxλ)−1/2] =
(Pµ
N
Iν
N
+ P ν
N
Iµ
N
)δgµν/2 for arbitrary proper four-vector I
µ
N
. First, the metric
tensor cannot be irrelevant under variations of the action (3a) with respect to
P
Nµ that was mentioned under derivation of the Maxwell-type equations (5).
Second, not all components of gNµν are independent from one another, and the
Hilbert variation for the Einstein-type equation, T µν
N
= 0, is not a well defined
procedure.
The first general set (15) of Euler-Lagrange equations was derived after
the variations of the action over changes of the proper field a
Nµ. Variations
resulting from changes of the external field U 6=Nµ , or any of its summand aKµ,
may lead, in principle, to the other set of four Euler-Lagrange equations. But
it is important to remind that external fields are not proper four-vectors in the
curved four-space xµ
N
and they cannot be employed as variables for the scalar
action (3a).
An appropriate proper variable is the four-vector P
Nµ, with δPNµ = δU
6=N
µ
in the frame of reference with vi = 0 and β = 1. Note that the proper tetrad
eoµ = eoµ, (44), is proportional to the proper four-momentum (43) in this frame,
that may be used under variation of (3b),
δS = −
∫
d4x
√−gT µν
N
δ(eα
Nµe
N
αν) = −
∫
d4x
√−g2T µν
N
eNανδ(δ
α
µ + δ
αoU 6=Nµ )
= −
∫
d4x
√−g2T µν
N
eNoνδU
6=N
µ = −
∫
d4x
√−g2m−2
N
T µν
N
P
NνδPNµ = 0. (51)
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The action ought to be constant with respect to changes of external fields and
corresponding variations of proper variables. Twelve, from sixteen, variational
components in (51) are absent, because δ(ebµ) ≡ δ(δbµ) = 0 when b = 1,2,3. The
variations in (51) lead to a vector Euler-Lagrange equation,
T µν
N
(x)P
Nµ(x)
s=o
x 6=ξ = 0, (52)
rather than to a tensor Einstein-type equation T µν
N
(x)s=ox 6=ξ = 0. Due to its tensor
nature the equation (52) is valid under transformations to frames of references
with vi 6= 0. By substituting (29’) in (52), one finds a four-vector equation,[
Iν
N
+ P ν
N
P
NµI
µ
N
m2
N
− WNρλ
8πm2
N
(
2P ρ
N
fνλ
N
+ 2gνρ
N
P
Nµf
µλ
N
− P ν
N
fρλ
N
)]s=o
x 6=ξ
= 0, (53)
and its scalar contraction,
P
NνI
ν
N
(x)s=ox 6=ξ =
W
Nρλ(x)
16πm2
N
[4P ρ
N
P
Nνf
νλ
N
(x) −m2
N
fρλ
N
(x)]s=ox 6=ξ. (54)
Now one may use the geodesic relations, Pµ
N
W
Nµν = 0, and the self-action
restrictions, Pµ
N
f
Nµν = 0, in order to rewrite (54),
P
NνI
ν
N
(x)s=ox 6=ξ = −
1
16π
W
Nρλ(x)f
ρλ
N
(x)s=ox 6=ξ, (55)
and to derive a vector Maxwell-type equation,
{
iν
N
(x) − 1
4π
∇µfµνN (x) +
W
Nρλ(x)f
ρλ
N
(x)
16πm2
N
P ν
N
(x)
}s[τ ]=o
x 6=ξ[τ ]
= 0 (56)
or {Iν
N
− m−2
N
P
NµI
µ
N
P ν
N
}s=ox 6=ξ = 0, which generalizes the equation (5) for the
potential state N with W
Nρλ(x)
s=o
x 6=ξ = 0.
Conservation of the mass or electrical charge four-current, q
N
∇µiµN = 0, is
verified by practice, while one finds ∇νiνN ≡ ∇νIνN = m−2N ∇ν(PNµIµNP νN ) from
(56). In order to prove that (56) is consistent with the charge conservation, we
use infinitesimal homogeneous coordinate shifts, x′µ = xµ + ξµ, in the action
(3a). This procedure, for example [8], leads to the following vector conservations
for the elementary cone object,
∇µT µNν =
{
∇µ
(
Pµ
N
I
Nν + PNνI
µ
N
)
2
− WNνλ∇ρf
ρλ
N
+ f
Nνλ∇ρW ρλN
8π
}s=o
x 6=ξ
= 0,
(57)
where we used W ρλ
N
∇νfNρλ = 2WµλN ∇µfNνλ, fρλN ∇νWNρλ = 2fµλN ∇µWNνλ
due to (12) and (16). Contraction of (57) with P ν
N
, under (50) and (15), re-
veals one more scalar condition under the geodesic motion of free cone-charges,
m2
N
∇µIµN (x)s=ox 6=ξ = −P νN∇µ(PµN INν)s=ox 6=ξ ≡ −∇µ(PµNP νN INν)s=ox 6=ξ. This condition
is compatible with the covariant divergence of the vector (56), ∇µIµN (x)s=ox 6=ξ =
m−2
N
∇µ(PµNP νN INν)s=ox 6=ξ, only under conservation of the cone-particle four-flow,
when ∇µIµN (x)s=ox 6=ξ ≡ ∇µiµN (x)s=ox 6=ξ = 0 and ∇µ(PµNP νN INν)s=ox 6=ξ = 0.
Potential or superfluid states without radiation or energy exchange with
external matter obey the particular restrictions, Iµ
N
=W
Nµν = T
µν
N
= 0, which
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satisfy the general equations (52)-(56). Both gravitation and electrodynamics of
superfluid charges and their potential states, based on (5), (12), (15), (16) and
(30), may be represented in a gauge invariant form with respect to the proper
four-vectors a
Nµ(x) → aNµ(x) + ∂µχN (x) and PNµ(x) → PNµ(x) + ∂µΥN (x),
with ∂µ∂νχN (x) = ∂ν∂µχN (x) and ∂µ∂νΥN (x) = ∂ν∂µΥN (x). Note that gauge
transformations may be introduced only for proper four-vectors, rather than
for external fields B 6=Nµ and A
6=N
µ , which are not four-vectors in the considered
four-space xµ
N
. Could one employ for a moment common metrics for all four-
spaces xµ
K
(pseudo-Euclidean common four-space in classical electrodynamics,
for example), gauge transformations might be considered for external potentials,
as is known.
Radiation or energy exchange with external matter is not allowed for the
potential motion. Non-potential motion ought to satisfy the general equations
(56), (12), (15), (16), and (50). The energy-tensor density may have nonzero
components, but T µν
N
P
Nµ = 0 under general motion in vector electrogravity.
Emission and absorption of real photons, rather than gauge bosons, violate the
gauge invariance, associated in the present scheme only with the proper fields
under superfluid, potential states.
Different solutions of the general variational equations (15), (49) and (56)
may be used to classify various forms of matter motion. Both gravitational
and electromagnetic waves are associated with vector photons in the developed
unification. These vector waves may modulate the four-space metric tensor gµν ,
but they are irrelevant to Euclidean metrics, γij = δij , of three-space. Vector
electrogravity is consistent with the absence of space modulations in all known
experiments [26] and predicts flat laboratory metrics for gravitational waves and
all other relativistic phenomena.
According to conventional theory the electromagnetic and gravitational parts
of interactions cannot compensate each other in the state of general motion
due to the different tensor nature of these interactions. But interactions with
external gravitational and electric charges are determined by the same term
U 6=Nµ = m
−1
N
∑
K 6=N
K
(q
N
q
K
−Gm
N
m
K
)a
Kµ in the developed vector unification.
The masses m
K
with their vector fields a
Kµ, rather than the energy tensor
density, are sources of gravity. The universal compensation of external fields
B 6=Nµ and A
6=N
µ for a two-body system with q1q2 = Gm1m2 , for example, is
drastically different from the case of general relativity. The novel, vector field
nature of gravity in VEG, is consistent with the attractive opportunity [28] of
electromagnetic origin of the extended mass m
K
, that may be studied under
further developments of the present theory.
8. Conclusion
Our non-dualistic approach to the extended object was initiated by the intro-
duction of the elementary cone-particle and the elementary cone-field in terms
of a multifractional field emanating from one point source. Every object N with
a rest-mass m
N
contains its proper forming-up field a
Kµ(x) at all points of the
proper four-space xµ = xµ
N
, which are related by zero four-intervals with respect
to each other and the joint point vertex ξ. Proper fields a
Kµ(x)
s
N
=o
x 6=ξ
N
of other
extended objects K are external for the selected object N when they cross its
family of charged material points, called as a light cone.
29
The proper four-space, dxµ
N
= gµν
N
dxNν , with electromechanical connections
ought to be personally introduced for every charged object. Pseudo-Riemannian
metric tensor of this proper four-space, gNµν(x) = ηαβe
α
Nµe
β
Nν , with e
α
Nµ = δ
α
µ +
δαo
√
1− v2
N
∑
K 6=N
K
(−Gm
K
+ m−1
N
q
N
q
K
)a
Kµ(x)
s
K
=o
x 6=ξ
K
, goigojg
−1
oo − gij ≡ γij =
δij ,
√−g = √goo, is determined by local densities of charged fields generated
by distant external sources. These densities of external fields contribute to
the proper canonical four-momentum density of the selected object, P
Nµ(x)
s=o
x 6=ξ
≡ m
N
gNµνdx
µ/ds = m
N
δαµVα + mN
∑
K 6=N
K
(−Gm
K
+ m−1
N
q
N
q
K
)a
Kµ(x)
s
K
=o
x 6=ξ
K
.
The action of the cone-object depends on the vorticity tensors W
Nµν(x) =
∂µPNν(x)−∂νPNµ(x) and fNµν(x) = ∂µaNν(x)−∂νaNµ(x) at all proper material
points x = x
N
, with x 6= ξ[τ ] and s(x, ξ[τ ]) = 0.
Mirror cone particles K
1
and K
2
may be described by introducing the oppo-
site parametric differentials dt
1,2 at every point of three-space x. Both mirror
cones for matter and for antimatter with one joint vertex (excluded from mate-
rial cone states) in four-space {xo;xi} contain their own field and particle frac-
tions. The elementary cone-field and the elementary cone-particle are locally
bound at every material point of their joint geometrical structure. One can
apply two mirror space+time manifolds, {dt
1
;x} and {dt
2
;x} with dt
1
= −dt
2
,
for symmetrical evolution of matter and antimatter (in agreement with CPT
symmetry) under only retarded their emission from all point sources.
Two tensor equalities (12), (16) and five vector equations ∇µWµνN (x)
s
N
=o
x 6=ξ
N
= P
NµT
µν
N
(x)
s
N
=o
x 6=ξ
N
= Pµ
N
W
Nµν(x)
s
N
=o
x 6=ξ
N
= Pµ
N
f
Nµν(x)
s
N
=o
x 6=ξ
N
= ∇µT µNν(x)
s
N
=o
x 6=ξ
N
=0 may propose the novel description of charged objects in vector gravita-
tional and electromagnetic fields. The total scheme of vector electrogravity is
self-consistent and demonstrates the unified foundation for elementary gravi-
tational and electromagnetic proper fields - they are associated with the con-
stant field densities, m
N
and q
N
, on the basis of the same forming-up cone-
field a
Nµ(x)
s
N
=o
x 6=ξ
N
. Both kinds of extended cone-charges cannot curve Euclidean
three-space, but they are responsible for the curved four-space and for the proper
time dilation-compression. The electric charge cannot exist without the mass
and electromagnetic part of the canonical four-momentum cannot be considered
independently as a proper four-vector.
Contrary to curved pseudo-Riemannian four-spaces xµ
N
with different proper
metric tensors gNµν , all their proper 3D subspaces x
i
N
exhibit universal Euclidean
geometry, dl2
K
= γKijdx
i
K
dxj
K
and γKij = δij . The proper time interval is also
independent from proper characteristics of different objects, dt2
K
= γKoodx
o
K
dxo
K
and γKoo = δoo = 1. For this reason the common space+time manifold {dt, xi}
(not a joint curved four-space {xo;xi} with the common metric tensor for all
particles, like in general relativity) may be introduced for the description of
evolution of all objects in the flat three-dimensional Universe.
It is important to underline that vector electrogravity essentially differs from
general relativity in the description of gravity. All interactions are linear in VEG
and superposition principle is satisfied with respect to the sources. The origin
of gravity is the extended mass in the present scheme, but not the stress-energy
tensor. The four-component vector equation T µν
N
P
Nν = 0, rather than the ten
”independent” components of the tensor equation T µν
N
= 0, is responsible for
both gravitation and electrodynamics in the most general case.
Being unified with electrodynamics, vector gravitation of extended masses
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becomes a self-contained theory, which may be applied to practice without ref-
erences of other gravitomechanical theories. Nevertheless, the developed elec-
trodynamic approach to gravitation coincides completely with Newton’s theory
in the nonrelativistic limit. The available observations for all known kinds of
interactions and conservations do not contradict the employed Euclidean 3D
geometry for the united space-charge-mass continuum.
The developed linear synthesis of external electromagnetic and gravitational
fields (under the nonlinear proper four-interval), and the integration of the cone-
particle into the very cone-field structure satisfy the predicted double unified
criterion [11], as well as the other known criteria [20,21] for the unified field
theory. The nonmaterial point sources (i.e. peculiarities of matter) are excluded
from the material field equations in agreement with Einstein’s approach [36] to
the continuum theory, and all physical magnitudes of vector electrogravity are
free from divergencies.
The advanced, but not retarded, emission of charged fields from point sources
and self-acceleration of extended charges are absent in electrogravity, contrary
to classical electrodynamics. Both gravitation and electrodynamics of superfluid
charges, based on (5), (15), and (49), take the gauge-invariant form. Electro-
gravity of extended masses in flat three-space is consistent with the hypothesis
about the electromagnetic origin of gravitation [28], while Schwarzschild’s three-
space curvature around the point particle cannot be satisfactorily agreed with
the electromagnetic nature of mass.
As to experiments, all gravitational observations correspond to the intro-
duced concept of flat 3D space and flat 1D time intervals for 4D cone objects.
The extended electric cone-charge (and cone-mass) is consistent with the cele-
brated Aharonov-Bohm phenomenon [15] and the relativistic experiments with
rotating superconductors [14]. A practical opportunity to test the proposed
scheme for electrogravity in the laboratory is to verify the predicted electromag-
netic compression-dilation of time for charged objects, like in the experiments
[33-35].
The introduced concept of the extended cone-charge rejects the classical
three-space with bulk, particle free regions. Material intersections of curved
charged four-spaces on flat 3D subspaces may clarify the ”action-at-a-distance”
and energy transfer within the common space-charge-mass continuum. Vector
nature of electrogravity corresponds to the unified, photonic way for all kinds
of electromagnetic and gravitational radiations, and predicts the absence of
metric modulations of flat, laboratory space under the forthcoming search of
gravitational waves [37].
Appendix 1: applications of the δˆ-operator
The δˆ4
N
(x, ξ)s=ox 6=ξ-operator formalism for the conjugation of the point source
at ξ with the infinite material continuum at s(x, ξ) = 0 and x 6= ξ may
be demonstrated for flat four-space (gνν = 1, gij = δij , gii = −1, goo = 1,
dξµ = ηµνdξ
ν and a
Nµ(x, ξ) = ηµνa
ν
N
(x, ξ), η
N
(x, ξ)x 6=ξ = ηN (|x − ξ|)x 6=ξ,
|x − ξ| = [(xo − ξo)2 − (x − ξ)2]1/2), where the equation (5) can be simplified,
∂µ∂
µaν
N
(x, ξ)s=0x 6=ξ = 4πi
ν
N
(x, ξ)s=0x 6=ξ, due to the subsidiary condition ∂
µ∂νa
Nµ ≡
∂ν∂µa
Nµ = ∂
ν
∫
dξµ ∂
µη
N
(|x− ξ[p]|) = −∂ν{η
N
(|x− ξ[p]|)|p=+∞p=−∞} = 0.
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The simplified equation (5) may be solved via Green’s function G(x, x′)x 6=x′
= {δ(xo−x′o∓|x−x′|)/|x−x′|}x 6=x′ , associated with equation ∂µ∂µG(x, x′)x 6=x′
= δˆ4(x, x′)x 6=x′ ≡ {δˆ3(x,x′)δ(xo−x′o∓|x−x′|)}x 6=x′ . The direct and the inverted
elementary fields are associated with different contravariant four-vectors,
aν
N
(x)
s[τ
1,2
]=0
x 6=ξ[τ
1,2
] =
∫
d4x′iν
N
(x′)s
′[τ
1,2
]=0
x′ 6=ξ[τ
1,2
]G(x, x
′)x 6=x′
=
∫
dp
∫
d4x′
dx′ν
dp
δˆ4
N
(x′, ξ[p])x′ 6=ξG(x, x′)x 6=x′ =
∫
dp
dξν [p]
dp
G(x, ξ[p])x 6=ξ
=
∫
dp
|x− ξ[p]|x 6=ξ[p]
dξν [p]
dp
δ(p− τ
1,2)∣∣∣∂ξo[p]∂p ± ∂|x−ξ[p]|∂p ∣∣∣
x 6=ξ[p]
=
dξν [τ
1,2 ]/dτ1,2∣∣∣∣r[τ1,2 ]∂ξ0 [τ1,2 ]∂τ
1,2
∓ r[τ
1,2 ]
∂ξ[τ
1,2
]
∂τ
1,2
∣∣∣∣
s[τ
1,2
]=0
x 6=ξ[τ
1,2
]
=
dξν [τ
1,2 ]
|r[τ
1,2 ]| dτ1,2|dτ
1,2
|
∣∣∣∣dξo[τ1,2 ]
(
1∓ r[τ1,2 ]r[τ
1,2
]
dξ[τ
1,2
]
dξo[τ
1,2
]
)∣∣∣∣
s[τ
1,2
]=0
x 6=ξ[τ
1,2
]
=
dξν [τ
1,2 ]
|r[τ
1,2 ]| dτ1,2|dτ
1,2
| |dξo[τ1,2 ]∓ d|ξ[τ1,2 ]− x||
s[τ
1,2
]=0
x 6=ξ[τ
1,2
]
=
dξν [τ
1,2 ]
dt
1,2 |r[τ1,2 ]|s[τ1,2 ]=0
x 6=ξ[τ
1,2
]
,
where we used r[τ ]dξ[τ ] = −ri[τ ]dξi[τ ], ri[τ ] = xi − ξi[τ ], |x − ξ[τ ]| ≡ r[τ ] =√
−ri[τ ]ri[τ ], ξ0 [τ1 ] = x0−r[τ1 ], ξ0 [τ2 ] = x0+r[τ2 ], and δ[f(p)] = δ(p−τ)/|f ′(p)|
with f(τ) = 0. Two different four-potentials aν
N
(x)
s[τ
1,2
]=0
x 6=ξ[τ
1,2
] can be represented
in the Lienard-Wiechert form with the velocity dξν [τ
1,2 ]/dt1,2 of point sources
of matter and antimatter, respectively, in the mirror space-time manifolds.
In order to derive the covariant four-potentials from their definition, one
should solve (8), dξν [p]∂µ∂
µη
N
(|x − ξ[p]|)x 6=ξ = 4πdxν δˆ4N (x, ξ[p])x 6=ξ (in flat
four-space), via the same Green’s function G(x, x′)x 6=x′ ,
η
N
(|x− ξ[p]|)x 6=ξ[p] =
∫
d4x′δˆ4
N
(x′, ξ[p])x′ 6=ξ[p]G(x, x
′)x 6=x′
dx′ν
dξν [p]
= G(x, ξ[p])x 6=ξ[p] =
{
δ(xo − ξo[p]∓ |x− ξ[p]|)
|x− ξ[p]|
}
x 6=ξ[p]
.
By using this relation directly in the definition of the basic covariant four-
potential, a
Nν(x)
s[τ ]=0
x 6=ξ[τ ] =
∫
dpG(x, ξ[p])x 6=ξ[p]{dξν [p]/dp}, one can verify the
above derived result for both the direct (for matter) and the inverted (for anti-
matter) solutions with dt
1
and dt
2
, respectively.
Appendix 2: Gravitational light bending
A four-interval equation for electromagnetic waves in nonstationary gravita-
tional fields may be derived from the light velocity, dl/dτ = n−1 or
δijdx
idxj = n−2goo(dxo − gidxi)2,
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where the slowness n−1 ≡ 1/n(goo, gi) is associated with the metric contribution
into the Maxwell and wave equations. This slowness defines the wave and ray
equations, kµk
µ = (1 − n2)(kµV µ)2 and δ
∫
kµdx
µ = 0, for light in arbitrary
gravitational fields [38].
Below we consider for simplicity only a static gravitational field. It formally
works like a static medium for electromagnetic waves, because D = g
−1/2
oo E,
B = g
−1/2
oo H, and n−1 = (ε˜µ˜)−1/2 = g
1/2
oo in the covariant Maxwell and wave
equations [8].
Equations for light rays in static gravitational fields may be found from
Fermat’s principle [38],
δ
∫
kidx
i = −δ
∫
kodl
n−1
√
goo
= −koδ
∫
dl
goo
= −koδ
∫ √
du2 + u2dϕ2
u2(1−GMu)2 = 0,
where n2kok
o = kik
i, gook
o = ko = const, ki = −nkog−1/2oo dxi/dl, √goo =
1−GMu, gi = −goi/goo = 0, dl =
√
δijxixj =
√
dr2 + r2dϕ2 (r ≡ u−1, ϕ, and
ϑ = π/2 are the spherical coordinates). Note that both the non-homogeneous
wave slowness, n−1 = g1/2oo 6= const, and the non-homogeneous frequency, h¯ω =
kog
−1/2
oo 6= const (red shift), are responsible for the twofold curvature of light
rays in gravitational fields.
The variations with respect to u and ϕ leads to a couple of ray equations,
(1 −GMu)4
[(
du
dϕ
)2
+ u2
]
= U2o = const,
d2u
dϕ2
+ u = 2U2o
GM
(1 −GMu)5 .
A family of solutions, u ≡ r−1 = r−1o sinϕ + 2GMr−2o (1 + cosϕ) and
r−1o = Uo, for both these equations might be found in weak fields, if one
ignores all terms nonlinear in GMr−1o ≪ 1. A propagation of light from
r(−∞) = ∞, ϕ(−∞) = π to r(+∞) → ∞, ϕ(+∞) → ϕ∞ corresponds to the
angular deflection ϕ∞ = arsin[−2GMr−1o (1 + cosϕ∞)] ≈ −4GMr−1o from the
initial light direction. This result, derived under the flat three-interval dl, co-
incides with the measured deflection, −1, 66′′ ± 0.18′′ [26], of light rays by the
Sun (ro = 6, 96× 105km and 4GMr−1o = 1, 75′′).
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